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Anti-predator behaviours in birds often exhibit adaptive plasticity with the presence and 
abundance of predators in their local habitats. I described and compared adaptive anti-
predator behaviours of South Island (SI) Robins (Petroica australis australis) residing within 
a mammalian predator-free region (Orokonui Ecosanctuary) with those inhabiting predator-
dense regions (Silver Peaks and Silverstream). I investigated:  
 
a) Differences in the intensity of anti-predator behavioural displays towards introduced 
mammalian predators between the regions. I discovered that SI robins in Orokonui had lost 
their predator recognition skills towards rat models and showed lower intensities of anti-
predator displays than the SI robins at Silver Peaks and Silverstream. Orokonui‘s robins may 
have retained behaviours towards stoat models due to a recent stoat incursion in the 
ecosanctuary. These results suggest that SI robins lose their anti-predator responses with the 
absence of specific predators in their habitat, and regain those behaviours upon encountering 
those predators again; 
 
b) Seasonal variation in the intensity of anti-predator behavioural displays between the 
regions towards introduced mammalian predators. I discovered that SI robins showed less 
intense behaviours towards rat models during the non-breeding season than in the breeding 
season, though the decrease was significant with varying predation pressure. The absence of 
breeding mates, chicks, and altricial fledglings in the non-breeding season possibly increased 
the costs of displaying anti-predator behaviour to avoid predation of self, and lowered the 
intensity of anti-predator display. No significant seasonal variation in responses towards the 
stoat model was observed, perhaps implying that the predation threat of stoats may be 
consistently high irrespective of the season; 
 
c) Vocal responses towards native avian and introduced mammalian predators. SI robins in 
this study gave alarm calls to avian predators but not to mammalian predators, and the alarm 
calls showed some acoustic differences that distinguished calls in response to moreporks from 
calls in response to New Zealand falcons at the species level. However, the functional 




d) Differences in nest-site selection between the regions. Comparisons of protective habitat 
features between predator-free and predator-dense areas did not reveal statistically significant 
variations. Protective habitat features within regions reflected some adaptive selection of nest 
sites in response to both mammalian and avian predation, with SI robins preferring higher 
nests, greater nest concealment, and more ground cover in some predator-dense regions. A 
broader understanding of the complex interactions between habitat structure, predation 
pressure, and behavioural plasticity is required to confirm adaptive nest-site selection in SI 
robins.  
 
The study provides evidence of behavioural loss in the absence of mammalian predators, and 
some verification of adaptive anti-predator behaviours in multipredator environments based 
on the predator‘s hunting technique (mammalian versus avian tactics). Its ease of detection 
and susceptibility to predation makes the SI robin an ideal bird to assess the effectiveness of 
predator-control operations, and knowledge of its adaptive anti-predator behaviour could 
further help indicate the predation pressure in predator-managed areas.  
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Chapter 1: General Introduction 
 
1.1. Predation and Anti-predator Responses 
Predation is arguably the most important selection pressure on many prey populations. 
Predation maintains prey numbers directly via mortality (a consumptive effect), or indirectly 
by limiting access to food and other resources (Templeton and Shriner 2004), or adversely 
affecting the life-history of prey including changes in prey traits such as behaviour and 
growth (termed non-consumptive effects) (Forsman, Mönkkönen, and Hukkanen 2001; 
Barbosa and Castellanos 2005; Preisser and Bolnick 2008; Peckarsky et al. 2008). The 
process of predation typically follows a predictable flow of events: predators encounter 
potential prey and identify them as palatable; then they approach and ambush the prey, 
overpower them and devour them. The risk of predation therefore exists before direct contact, 
and prey may benefit by lowering the risk of predation at any stage of the predation process 
(Armstrong 1965, p101; Lima and Dill 1990; McLean and Rhodes 1991; Lima 1998; Caro 
2005; Lima 2009). Thus the defensive role in predator-prey interactions would be to be aware 
of and recognise the predator, acquire information that allows it to evaluate the predator‘s 
threat level, assess the threat and generate an appropriate response (McLean and Rhodes 
1991) (Figure 1.1).  
The motivation to counter predation as a selection pressure has resulted in a set of diverse 
morphological, physiological, or behavioural strategies in prey, unique to every predator-prey 
interaction (Caro 2005; Blumstein 2008; Lima 2009). These characteristics may be broadly 
defined as anti-predator responses, which comprise disengagement through crypsis, group 
formations, or predator avoidance; passive engagement through defensive tactics, distractive 
displays, or evasive action; active engagement of the predator through mobbing, attacking, or 
detection alarm calling; or a combination of these approaches (Armstrong 1965; Krause and 
Ruxton 2002; Caro 2005; Barnard 2012). Anti-predator responses developed by nesting birds 
specifically in the breeding season are often referred to as nest-defence responses, where the 
response reduces the probability of nest predation (Montgomerie and Weatherhead 1988; 
Maloney 1991). This study will focus mainly on the display of anti-predator behaviour, 















Figure 1.1. A flow of events in the process of predation and consequent display of anti-
predator response, comprising the recognition of the predator (by perceiving it and comparing 
it to known predator information), processing information on the situation, assessing the risk 
of predation, and then generating appropriate anti-predator responses (simplified after 
McLean and Rhodes 1991; Maloney 1991) 
 
1.2. The Production and Development of Anti-predator Behaviour 
Anti-predator responses are preceded by predator recognition, where species identify potential 
predators through visual or behavioural cues (McLean and Rhodes 1991; Caro 2005, p2). 
Predator recognition is crucial as this enables assessment of the threat and the predation costs 
associated with it, and justifies the chosen action towards the threat (McLean and Rhodes 
1991; Lima 1998; Caro 2005; Barnard 2012). Recognition can occur at various levels of 
specificity, from recognising a unique individual, a predator species, a class of predators 
(terrestrial or avian, for example), or even a situation that lacks a predator but carries an 
increased probability of predation (for example, some species can assess local predation risks 
through chemical cues (Brown and Schwarzbauer 2001; Mirza and Chivers 2003; Brown 
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2004)) (McLean and Rhodes 1991; Caro 2005).Threat assessment simultaneously calls for an 
assessment of fitness costs and benefits to decide the plan of action in a threatening situation 
(Lima 2009). The obvious benefit of displaying anti-predator behaviour is the continuation of 
survival and reproduction; the obvious, immediate costs incurred are the energy required to 
display anti-predator behaviour and the increased risk of predation of the self (Lima 2009). 
Predation events force energy reallocation from foraging, reproductive activities and parental 
investment to the display of anti-predator behaviours, which may have life-long repercussions 
on survival (Lima 1986; Montgomerie and Weatherhead 1988; Helfman 1989; Sordahl 1990; 
Lima 2009). To assess non-consumptive predation costs, many studies have used energy-time 
consumption (Trivers 1972; Montgomerie and Weatherhead 1988; Sordahl 1990), reduction 
in reproductive activity (Svensson, Löfstedt, and Skals 2004; Sheriff, Krebs, and Boonstra 
2009), offspring growth and development, and associated population growth (Walls, Caswell, 
and Ketola 1991), and changed body conditions (Lima 1986) (see Preisser and Bolnick (2008) 
and Lima (2009) for a full discussion on non-lethal/non-consumptive effects of displaying 
anti-predator behaviour). For the development, display, and maintenance of anti-predator 
behaviour over ecological time, therefore, the benefits of the display must outweigh the costs 
it incurs. 
Predator recognition and associated anti-predator behaviours have both genetic and 
experiential components, with the genetic factor requiring an association between the 
heritable genotype and the exhibited phenotype (Lima and Dill 1990; Maloney and McLean 
1995; Blumstein 2002a; Strauss, Lau, and Carroll 2006). Innate recognition has been observed 
in many bird species, but is likely to have developed under conditions of high predation 
pressure or where opportunities to learn predator recognition are limited (Curio 1975; Curio 
1993). Learning is often facilitated by direct experience with a predator, possibly increasing 
with age and time (Curio 1975; McLean and Rhodes 1991; Brown 1997; Tulley and 
Huntingford 2010). Experiential learning can be a two-way street: it can occur with a specific 
predator and expand through additional experience (Bunin and Jamieson 1996; Rowe et al. 
2001; Caro 2005, p18), or start with a generalised response to various stimuli, moving to 
specialised behaviours towards the more threatening ones (Pongrácz and Altbäcker 2000). 
Prey may also voluntarily approach the predator in the interests of inspecting it to acquire 
information on its habits, a decision that could greatly increase risks of predation (Dugatkin 
1992; DeWitt, Sih, and Wilson 1998; Caro 2005). Active learning of anti-predator responses 
has been extensively explored, using predator models and alarm calls to simulate predation 
and classically condition prey to associate predators with unfortunate events (Maloney and 
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McLean 1995; van Heezik, Seddon, and Maloney 1999; McLean, Hölzer, and Studholme 
1999; Griffin, Blumstein, and Evans 2000). Learned behaviours can be maintained in the 
population by inheritance or sexual selection (Regelmann and Curio 1986), cultural 
transmission, either through parent-offspring interactions, or by the observation of conspecific 
or interspecific predation events (Curio 1993; Brown 1997; Lucon-Xiccato et al. 2016).  
1.3. Habitat Selection as a Non-costly Anti-Predator Behaviour 
Habitat quality is measured by the capacity to satisfy energy and reproductive needs (Cody 
1987; Manly, McDonald, and Thomas 2012).Therefore, preference for a site that decreases 
predation pressure (by providing more hiding opportunities and easier predator detection) to 
enhance fitness and survival in the face of predation can be classified as defensive anti-
predator behaviour(Block and Brennan 1993; Lima 1998; Jones 2001). Studies on the trade-
off between energy intake by foraging and predation risk indicate that individuals choose low 
energy rates over higher predation risks (Lima and Dill 1990), especially when energy sources 
are available in predator-protected spaces (Kotler, Brown, and Hasson 1991). The selection of 
nest-sites could, therefore, prioritise protection from predators over energy intake, depending 
on the predation pressure in the area (Martin 1993a). Many habitat features correlate 
positively with predation pressure (Storch and Frynta 1999; Forstmeier and Weiss 2004; 
Benson, Brown, and Bednarz 2010). Studies hypothesise that selection strategies may change 
according to composition and abundance, not simply presence or absence, of predators 
(Schmidt 2004). Variation in predation risk has been used to explain behavioural plasticity in 
nest-site selection (Haemig 1999; Larsen 2000; Pöysä et al. 2001; Forstmeier and Weiss 2004; 
Hunter, Nibbelink, and Cooper 2016), suggesting that birds can assess predator activity and 
abundance before selecting nest sites (Haemig 1999; Larsen 2000; Velando and Marquez 
2002; Forstmeier and Weiss 2004; Schmidt, Ostfeld, and Smyth 2006; Jȩdrzejewska and 
Jȩdrzejewski 2010). As nest site characteristics can possibly reflect the presence of predators 
(for example, with more protected nests found in predator-dense regions), physical habitat 
structure and vegetation composition of nest sites can, therefore, act as proximate indicators 
of predation pressure(Storch and Frynta 1999; Benson, Brown, and Bednarz 2010). 
1.4. Phenotypic Plasticity and Adaptive Anti-Predator Behaviour 
Phenotypic plasticity may be defined as a process in which a genotype produces different 
phenotypes in response to changing environments (West-Eberhard 1989; Travis 1994; 
Strauss, Lau, and Carroll 2006; Ghalambor et al. 2007). Some studies have shown that some 
plastic behaviour can cause evolutionary shifts (Baldwin 1896; Kiesecker and Blaustein 
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(1997)), but these require the exhibited trait to have a heritable component (Strauss, Lau, and 
Carroll 2006). Behavioural adaptations may also depend on a species‘ evolutionary history. 
Species isolated ontogenically, for example, show more flexibility in behavioural adaptations 
upon experience with novel predators; species isolated evolutionarily, having lost genes that 
code for anti-predator behaviours, have lesser chances to adapt (Griffin, Blumstein and Evans 
2000; Blumstein 2002b).  
Contrary to popular assumptions, plastic behaviour may not always favour the exhibitor. 
Behavioural displays are dependent on the cues that the prey may pick up from a new 
predator. If the cues are undetected, unreliable, or misinterpreted, leading to the display of 
inappropriate response behaviours, the species may be cornered into an ‗evolutionary trap‘ 
and unable to respond appropriately to the threat (DeWitt, Sih, and Wilson 1998; Schlaepfer, 
Runge, and Sherman 2002; Schlaepfer et al. 2005). For example, Igual et al. (2007) 
documents differential plasticity between Cory‘s shearwaters (Calonectris diomedea) sub-
colonies (distinguishable by different physical and social features). A particular sub-colony 
failed to perceive the presence of introduced predators, Black Rats (Rattus rattus), in their 
habitat, and continued nesting in their sub-colony with low breeding success instead of 
dispersing to another sub-colony with lower predation pressure (Igual et al. 2007). Such 
behaviours are non-adaptive types of phenotypic plasticity. On the other hand, adaptive 
phenotypic plasticity enhances species‘ fitness in new environments (Ghalambor et al. 2007). 
Adaptive responses may be imperfect, wherein the exhibited behaviour moves towards 
achieving optimal fitness, or perfect when optimal fitness is achieved (Strauss, Lau, and 
Carroll 2006; Ghalambor et al. 2007).  
Adaptive phenotypic plasticity is constrained by additional costs, which include expending 
energy to assess and process environmental change, choose appropriate behaviours, and 
display and sustain those behaviours (DeWitt, Sih, and Wilson 1998; Strauss, Lau, and Carroll 
2006; Ghalambor et al. 2007). The higher the costs, the more the energy required to maintain 
fitness levels, thus very costly behaviours are considered severely plastic: if a species can 
maintain fitness levels without the behaviour, they are likely to optimise fitness by losing the 
behaviour (Blumstein 2006). Studies note changes in anti-predator responses with regard to 
time reallocation of activities (Krupa and Sih 1998), sleep patterns (Stuber et al. 2014), nest-
site activity (Massaro et al. 2008), habitat selection (Storch and Frynta 1999; Forstmeier and 
Weiss 2004; Benson, Brown, and Bednarz 2010), photo-tactic behaviour (Cousyn et al. 2001), 
mobbing intensities (Tilgar and Moks 2015), and nesting behaviour (see Lima (2009) for a 
full discussion), among others. Relatively non-costly behaviours, requiring low energy 
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expenditure, are easy to lose and regain, making them flexible with changing predation 
pressure and varying predator densities, with more intense responses given towards more 
abundant predators (Kelley and Magurran 2003; Caro 2005; Whitwell et al. 2012). 
Energy cost-benefit assessments often lend to discretion in the display of costly behaviour 
under varying environmental conditions, and prudence in energy allocation may be motivated 
by parental investment (in assuring the protection of the species‘ mate and offspring) and 
starvation in lean seasons (Trivers 1972; Montgomerie and Weatherhead 1988; Caro 2005, 
p336; Broggi 2006). Species have been known to incorporate energy costs in gauging the 
impact of behavioural displays on fitness levels, and adjust accordingly (DeWitt, Sih, and 
Wilson 1998; Strauss, Lau, and Carroll 2006; Ghalambor et al. 2007). The intensity of 
behavioural adaptations often positively correlates to the assessed costs, allowing the 
segregation of high-risk and low-risk circumstances based on the intensity of behaviour 
displayed (Montgomerie and Weatherhead 1988). 
1.5. Effect of Varying Predation Pressure on Anti-predator Behaviour 
Under conditions of increased predation pressure, the costs to avoid predation are 
compounded in relation to predator abundance. Higher predation pressures lead to higher 
energy, reproductive, and survival costs, but offer more opportunities to recognise predators 
and to rapidly display anti-predator behaviours (Caro 2005). Predator activities may fluctuate 
temporally by day, by season, or by other significant times of the year (Mukherjee, Zelcer, 
and Kotler 2009; Kotler et al. 2010). For example, rat and stoat number increase during beech 
masting events: the fresh food supply causes a population explosion of rats (King 1983), and 
the high availability of rats increases populations of predating stoats (Murphy and Dowding 
1995). Activities may also vary spatially, forcing prey to constantly adjust their vigilance and 
behaviour around predator territories, nests or burrows, and other cues across a ―landscape of 
fear‖ (Brown, Laundré, and Gurung 1999; Laundre, Hernandez, and Altendorf 2001). 
Knowledge or observation of seasonal cues would allow prey to allocate energy for 
exhaustive behavioural displays during that period—this theory is called the ―Risk Allocation 
Hypothesis‖ (Lima, Bednekoff, and Sih 1999). Prey may also benefit from delaying the 
selection of breeding sites until after predators have established their territory and then could 
lower predation risks by nesting away from those areas (Thomson et al. 2006). Essentially, 
investment in more non-costly avoidance and defensive behaviours is required in predator-
dense areas to minimise the probability of encountering a predator.  
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Predation isolation is a state marked by the absence of any predation pressure. Captive-bred 
individuals, species subject to island translocations, and species maintained within fenced, 
predator-free mainland islands (or ecosanctuaries) are considered isolated from predators. 
Most studies report the loss of anti-predator behaviour in captive-bred animals (van Heezik, 
Seddon, and Maloney 1999; Griffin, Blumstein, and Evans 2000), island dwellers (Blumstein 
2002b; Blumstein, Daniel, and Springett 2004; Jamieson and Ludwig 2012), and in species 
within ecosanctuaries (Whitwell et al. 2012; Moore 2016). The manner of behavioural loss 
depends on the developmental mechanisms of the behaviour. If the behaviour was selected 
for, then isolation would allow for relaxed selection of anti-predator behaviours, causing the 
species to return to a pre-predator state (Magurran 1990; Innes et al. 2010). Maintaining 
redundant behaviours is costly and the species might favour losing the behaviour to invest 
energy and time in other activities (Blumstein 2006). Individuals may also lose their predator 
recognition over time, showing fearlessness when faced with the threats the population has 
been isolated from in as little as one generation (Lima and Dill 1990; Bouton 1994; Kullberg 
and Lind 2002).  
Increasing or relaxed predation pressure is expected to cause some shifts in behaviour, but 
overall, whether an increase, decrease, or loss of anti-predator behaviour occurs, depends on 
the evolutionary and developmental history of the behaviour. For example, the Geospiza spp. 
of Galapagos finches retains predator recognition of snakes, owls and hawks even though 
they‘ve been isolated from those predators (Coss 1999). Blumstein‘s (2006) ‗Multipredator 
Hypothesis‘ explores the retention of anti-predator behaviour after isolation from some 
predators, with some species showing behaviours even towards extinct predators due to the 
presence of extant predators (Blumstein, Ferando, and Stankowich 2009). Predator 
recognition and anti-predator behaviours may not be subject to natural selection if there is too 
little genetic variance to act upon (Curio 1993; Coss 1999), or if the behaviours are so non-
costly in that their genotype would not be specifically selected against in populations 
(Magurran 1999). Additionally, since anti-predator behaviours incur predation costs only 
towards a stimulus, conditions of relaxed predation would allow non-costly behaviours to be 
retained longer without any fitness consequences (Edelaar, Piersma, and Postma 2005; Wund 
et al. 2015). 
1.6. Anti-predator Behaviour in Multi-predator Environments 
A multi-predator environment increases a species‘ scope in displaying adaptive anti-predator 
behaviour, as prey species are genetically and physiologically motivated to recognise and 
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react to different predator species and to update their behaviour with experience (Coss 1999; 
Kelley and Magurran 2003; Caro 2005). Species in a multi-predator environment have been 
observed to develop two defence tactics (Sih, Englund, and Wooster 1998). The first is the 
regulation of general anti-predator behaviours that are universally effective against all 
predators: such behaviours are likely to be non-costly, incorporating changes in general 
activity (Krupa and Sih 1998), breeding activity (Massaro et al. 2008), and vigilance (Lima 
1992) to avoid predator encounters. Higher abundance and species diversity of predators is 
likely to increase anti-predator behaviour and reduce predation risks (Matsuda, Abrams, and 
Hori 1993; Lima 1992). Costly non-specific behaviours may also be developed, including 
general warning and alarm calls that are urgency-based (i.e. calls that vary in acoustic 
parameters depending on the threat level and proximity of the predator (Marler 1957; Rowell 
and Hinde 1962; Sih, Englund, and Wooster 1998; Kleindorfer, Fessl, and Hoi 2005).  
The second defence tactic is the development of specific anti-predator behaviour for different 
predator types (Caro 2005, p448). Predator specificities entail the recognition of the whole 
individual, or the sum of familiar predator parts, using visual cues such as size, shape and 
colour (Curio 1975; Ramakrishnan and Coss 2000), and behavioural cues such as hunting 
tactics (Caro 2005, p448; Kirchhof and Hammerschmidt 2006). Maintaining predator-specific 
behaviours may incur greater costs and enhanced predation risks in a multipredator 
environment; in that by generating specific responses towards one predator, the prey might 
make itself vulnerable to the other (Lima 1992; Matsuda, Abrams, and Hori 1993; Sih, 
Englund, and Wooster 1998; Templeton and Shriner 2004). Therefore, predator-specific 
behaviours can be effective only when predation pressures are strong (Sih, Englund, and 
Wooster 1998). The most widely studied species-specific anti-predator behaviour is that of 
functionally referential alarm calls (Evans 1997). Studies of alarm calls have found that prey 
could communicate predator species (Seyfarth and Cheney 1980; Manser, Bell, and Fletcher 
2001), predator class (terrestrial or avian, for example) (Griesser 2008; Ausmus and Clarke 
2014; Suzuki 2014), predator size and proximity (Mclean, Smith, and Stewart 1986; 
Templeton, Greene, and Davis 2005; Griesser 2008; Wilson and Evans 2012; Murphy, Lea, 
and Zuberbühler 2013), predator colour (Slobodchikoff, Paseka, and Verdolin 2009), and 
predator position (Naguib 1999), among other information (see Manser (2009) for a full 
review). Generic ―urgency-based‖ calls do not differentiate specifically between predators, 
but are likely to communicate levels of threat (Rowell and Hinde 1962). Such calls are often 
made to alert and communicate threats to conspecifics (Emlen 1972) which may help balance 
both predation and anti-predator display costs by inducing group attacks or mobbing to lower 
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the risk of predation (Welbergen and Davies 2008). In short, coexisting with more predator 
species under multiple selective pressures can motivate species to distinguish between 
predator species to balance behavioural costs and adjust coping mechanisms accordingly 
(Moors 1975; McLean and Rhodes 1991, p173–211; Naguib 1999; Caro 2005).  
1.7. The History of New Zealand Birds and Adaptive Anti-predator Behaviour 
New Zealand‘s avifauna evolved for millions of years in the absence of mammalian predators. 
Any anti-predator behaviours developed by birds have been a result of co-evolution with 
predatory birds. Raptors hunted by sight, and behaviours such as nocturnal tendencies, 
freezing of movement, and crypsis provided protection from visual predators (Holdaway 
1989; Maloney and McLean 1995). Even in the presence of avian predators, many 
morphological and physiological traits developed as a result of the lack of mammalian 
predators, such as flightlessness, gigantism, longevity, and low reproductive rates (Daugherty, 
Gibbs, and Hitchmough 1993). The situation changed with the introduction of mammalian 
predators to New Zealand in two waves of human settlement, first with Polynesians about 
1000 years ago, and later with Europeans since the 1800s (Holdaway 1989). Introduced 
mammals included rodents such as ship rats (Rattus exulans), Norway rats (R. norvegicus), 
and mice (Mus musculus); mustelids such as ferrets (Mustela furo), stoats (M. erminea), and 
weasels (M. nivalis); the brushtail possum (Trichosurus vulpecula), and feral dogs (Canis 
familiaris) and cats (Felis catus) (King 1984; Holdaway 1989). Unlike avian predators, 
mammals hunt by scent more than sight, leaving native birds susceptible to a new hunting 
strategy (Barnett 1975; Holdaway 1989; Daugherty, Gibbs, and Hitchmough 1993). The 
decline and extinction of several endemic birds is thus largely attributed to mammalian 
predation (Holdaway 1989; Blackburn 2004; Didham et al. 2007; Innes et al. 2010). With 
increasing predation pressure and declining bird populations, researchers have speculated 
whether the birds were caught in an evolutionary trap, unable to counter this new invasion 
with their current behaviours (Schlaepfer, Runge, and Sherman 2002; Schlaepfer et al. 2005). 
However, research has since demonstrated the development of adaptive behaviour in parental 
investment and incubation period (Massaro et al. 2008), clutch size (Doligez and Clobert 
2003; Eggers et al. 2006), nesting habits (Forstmeier and Weiss 2004), anti-predator 
behavioural displays (Maloney and McLean 1995) and other life history traits in response to 
the new threat. Such responses may have originally developed against native predators, but 
the perception of new threats may have helped the species direct the behaviour towards 
introduced mammalian predators (Maloney and McLean 1995).  
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1.8. The Aim and Scope of this Thesis 
My thesis focuses on the South Island (SI) Robin (Petroica australis australis), an endemic 
passerine whose populations, like most birds in New Zealand, are adversely impacted by 
mammalian predation. Following Caro‘s (2005) directive for the study of predator recognition 
and anti-predator behaviour, I investigated:    
a) The ability of SI robins to recognise predators: I described behavioural displays and vocal 
expressions of anti-predator behaviour towards specific predators and between two predator 
classes (native avian and introduced terrestrial predators);  
b) The mechanism underlying the SI robins‘ anti-predator behaviour and its expression in 
their life-history: I studied the seasonal variation in anti-predator behaviour towards 
mammals, and examined the influence of predation pressure on nest-site selection; and  
c) The loss of anti-predator behaviour over historical time: Studies have previously explored 
the loss of anti-predator behaviour in SI robins bred in captivity (Maloney 1991; Maloney & 
McLean 1995) and on mammal-free islands (Maloney 1991; Maloney & McLean 1995; 
Jamieson & Ludwig 2012). I complemented these studies by exploring the loss of anti-
predator behaviour within a mammal-free ecosanctuary. 
The following six chapters cover the different aspects of my investigation: 
Chapter 2: Methods 
This chapter introduces the common methodology I used to measure anti-predator behaviour, 
the methods to study nest-site selection in SI robins, and the analytical and statistical methods 
used for each study. The chapter also provides an overview of the training and survey 
techniques used for monitoring SI robins. 
Chapter 3: Adaptive Anti-predator Behavioural Displays to Introduced Mammalian 
Predators 
Chapter 3 compares the nature and intensity of anti-predator behavioural displays of SI robins 
living within a mammal-free ecosanctuary to free-living robins inhabiting predator-dense 
areas. If the display of anti-predator behaviour in SI robins is susceptible to changing 
predation pressure and exhibits plasticity, the SI robins within the ecosanctuary will show less 
intense displays than robins living amongst predators. However, if the Multi-predator 
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Hypothesis prevails due to the presence of natural avian predators within the ecosanctuary, 
the robins will have retained their behaviour towards mammalian predators as well.  
Chapter 4: Seasonal Variation in Anti-predator Behavioural Displays to Introduced 
Mammalian Predators 
This chapter explores differences in anti-predator behaviour of SI robins between the breeding 
and non-breeding seasons in both mammal-free and mammal-dense regions. If SI robins 
prioritise parental investment over self-preservation and accordingly allocate energy into anti-
predator displays, this would be evident as higher intensities of anti-predator behaviour in the 
breeding season than the non-breeding season. A reallocation of energy from parental 
investment in the breeding season to self-preservation in the non-breeding season would result 
in comparable displays of anti-predator behaviour between seasons. 
Chapter 5: Vocal Anti-predator Response to Native Avian and Introduced Mammalian 
Predators 
Chapter 5 describes the vocal anti-predator behaviour of SI robins and investigates the 
specificity of the alarm calls they make towards different predators. If SI robins display 
functionally referentially in their alarm calls and can distinguish between predator classes 
(terrestrial and avian predators), the development of specific behaviours could be attributed to 
differences in the robins‘ evolutionary histories with respect to the two classes of predators, 
and between predator species within those classes.  
Chapter 6: Adaptive Nest-site Selection in Mammalian Predator-free and Predator-
dense Regions 
This chapter investigates behavioural plasticity in nest-site selection by comparing habitat 
features of SI robin nest sites inside mammal-free regions with those in mammal-dense 
regions. If nest-site selection, like other anti-predator behaviours, is dependent on predation 
pressure, SI robins are likely to opt for habitats that offer more protection from mammals in 
regions with higher predation pressure than in regions with no predation by mammals, and 
would choose nest-sites with protective features compared to other unused sites in the same 
region. If nest-site selection by SI robins is dependent on factors other than predation 





Chapter 7: General Discussion 
Chapter 7 provides conclusive insight on the adaptive nature of anti-predator behaviour of SI 
robins by integrating the results of my investigation, and explains the relevance of 
behavioural studies in wildlife management and species conservation.  
This thesis, therefore, aspires to be an investigation into the adaptive plasticity of anti-
predator behaviour in SI robins under varying predation pressure.  
1.9. Study Specifics  
1.9.1. Study Species 
The South Island (SI) Robin (Petroica a. australis) (locally known as the toutouwai), is a 
small passerine endemic to New Zealand (Higgins and Peter 2002). Although closely related 
to the North Island (NI) Robin (Petroica longipes), the SI robin was declared as a separate 
species in 2006 with two subspecies: one on Stewart Island (P.a. raikura) and the other on the 
South Island mainland (P.a. australis) (Miller and Lambert 2006). SI robins show sexual 
dimorphism, with males displaying darker and sharper colour demarcations than the females. 
Ground-foraging and insectivorous, they feed on invertebrates such as annelids, spiders, stick 
insects, slugs, beetles, and all stages of moths and butterflies (Paul and McKenzie 1975; 
Powlesland 1981; Schadewinkel et al. 2014). They are strictly territorial: territory sizes range 
from 0.5 ha to 5 ha (averaging 3 ha) depending on habitat availability and population density 
(Flack 1976a; Byrne 1999; Armstrong et al. 2000). SI robins breed between August to 
December with up to three successful clutches. Females usually incubate 2-3 eggs per clutch 
(Flack 1979), nesting mostly in tree forks and cavities. Their non-migratory habits and 
inquisitive nature make them easy subjects to monitor and study. SI robins are found mostly 
in mature native and exotic forests with closed, dense and even canopies, open under-stories, 
and healthy leaf-littered ground (Clout and Gaze 1984; Duncan, Webb, and Palmeirim 1999; 
Schadewinkel 2013). 
The conservation status of SI robins was recently updated from ‗Not Threatened‘ under the 
New Zealand Threat Classification System to ‗At Risk—Declining‘ as a result of local 
extirpation due to farming and forest development projects across the South Island (Flack 
1976a; Robertson, Bull, and Ornithological Society of New Zealand 2007; Robertson et al. 
2017). The robin meta-population in Dunedin has also been declining: a once-thriving 
population on the Otago Peninsula has disappeared over the last twenty years (McEwen 
1987). Breeding success in other populations has declined due to increased mammalian 
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predation (Brown 1997; Powlesland, Knegtmans, and Marshall 1999; Armstrong et al. 2006a; 
Armstrong et al. 2006b; Schadewinkel et al. 2014; Jones 2016). Although population 
strongholds exist in Marlborough, Nelson and Fiordland, the east coast is host to only four 
isolated populations, of which three are close to Dunedin—Orokonui Ecosanctuary, Silver 
Peaks, and Silverstream (Heather and Robertson 1997; Robertson, Bull, and Ornithological 
Society of New Zealand 2007; Schadewinkel 2013). It is possible that the SI robin 
populations in these three regions have been genetically isolated (Boessenkool et al. 2007) 
therefore their conservation is significant to maintain the diversity of this species in the city‘s 
environs (Duncan, Webb, and Palmeirim 1999). 
Many accounts describe agonistic behaviours and anti-predator responses by SI robins 
towards both conspecifics and predators under natural conditions (Soper 1976; Flack 1976a, 
1976b; Powlesland 1980a). However, only a few studies document the nature of anti-predator 
displays and the plasticity of such displays in the absence of predators (Maloney 1991; 
Maloney & McLean 1995; Jamieson & Ludwig 2012). Maloney (1991) fully described the 
repertoire of anti-predator behaviours displayed by SI robins, and recorded anti-predator 
behaviour in captive-bred individuals and naive juveniles with no experience with predators. 
The loss of anti-predator behaviour post isolation from mammals was explored by Maloney 
(1991) in SI robins and by Jamieson & Ludwig (2012) in Stewart Island robins (P.a.raikura). 
Maloney (1991) additionally demonstrated active training of robins to enhance predator 
recognition and anti-predator behaviours towards mammalian predators. 
1.9.2. Study Areas 
1.9.2.a. Orokonui Ecosanctuary (45°46’ S, 170°36’ E) 
Orokonui Ecosanctuary is a community-led wildlife reserve regarded as an ecological island 
free of introduced mammalian predators. Located 15 km north of Dunedin City (Figure 1.2), 
Orokonui was purged of its exotic mammals before its official establishment in 2007. It is 
now a 307 ha stretch of forestland protected by an 8.7 km long mammalian predator-proof 
fence with baited traps along its borders. Kānuka (Kunzea ericoides)-broadleaf forests (179 
ha) dominate its landscape; the rest comprises mature native forestland (25 ha), tracts of 
eucalyptus (38 ha) and pine (10 ha), mixed-exotic forests (12 ha), and scrub and grassland (36 
ha) (Schadewinkel 2013). With the exception of the latter, all the component forests are 
deemed as ideal habitats for SI robins. Robins were introduced to Orokonui over two 
translocations—one of 25 individuals from Silver Peaks and Flagstaff in 2010, and the other 
comprising 20 individuals from Silver Peaks and Silverstream in 2011 (Schadewinkel et al. 
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2014). By 2013 the population was declared self-sustainable; recent studies confirm this with 
high rates of estimated nest survival, nesting success, juvenile recruitment and adult survival 
(Jones 2016). The latest census in the 2015-2016 breeding season revealed close to 50 mating 
and over 150 individuals in Orokonui (pers. obs.). However, a renegade stoat (female, with 
kits) was discovered at Orokonui in June 2015 and terminated in November 2015. This stoat 
may have possibly caused the extirpation of the reintroduced South Island Saddleback 
population (Philestrunus carunculatus) at Orokonui (Smith 2016) and presumably had an 
impact on the SI robin population as well. 
Historically, any SI robins in Orokonui would have been a part of the populations at Silver 
Peaks and Silverstream, which house the now-remnant and isolated Dunedin SI robin meta-














Figure 1.2. A Google Earth image of the environs of Dunedin (Otago, New Zealand) showing 
locations South Island Robin populations and study areas for this research. The number of SI 
robins found in surveys in the 2015-16 breeding season is shown below each site  
~ 50 pairs 
 (2015-16) 
~ 10 – 11 pairs 
(2015-16) 




1.9.2.b. Silver Peaks (45°42’ S, 170°31’ E) 
North-west of Dunedin and 8 km north-west of Orokonui lies Silver Peaks (Figure 1.2), an 
expanse of hill country covered in rough forest, tussock, and scrubland. Here, the SI robin 
population is confined to a 100 ha production plantation forest owned by City Forests in the 
upper reaches of the Waikouaiti River South Branch catchment (Schadewinkel et al. 2014). 
The plantation is dominated by mature Douglas fir (Pseudotsuga menziesii) and Monterey 
pine (Pinus radiata) (Borkin et al. 2007), but has small stretches of native forest. Silver Peaks 
has seen predator control by cereal-based 1080 poisoning operations in September 2011 
(Schadewinkel et al. 2014). The robin population here was first banded and monitored in 
2007, and has been under regular survey ever since (Schadewinkel et al. 2014). Recent studies 
in the area have recorded low rates of nest survival, nesting success and adult survival, but 
high rates of adult recruitment (Jones 2016). 
 1.9.2.c. Silverstream (45°48’ S, 170°25’ E) 
The Silverstream catchment area is located north-west of Dunedin and 15 km south-west of 
Orokonui (Figure 1.2). While the SI robin population was originally distributed between 
conifer plantations and native forests (Webb and Duncan 1998, p48–49; Borkin et al. 2007), it 
is now restricted to the native kānuka forests in the 120 ha catchment area. Silverstream is cut 
off from Silver Peaks by the Silver Peaks Range, and there is no evidence of robin movement 
between the two sites (Schadewinkel et al. 2014). Silverstream has seen frequent predator 
control with localised rodent trapping since December 2012. Rodent detection initially 
increased in those parts (Schadewinkel et al. 2014), but has since decreased (Ray, Jamieson & 
van Heezik 2017). The banding and monitoring of robins began in 2008 and has been under 
regular survey ever since (Schadewinkel 2013; Schadewinkel et al. 2014). Recent studies 
recorded low rates of nesting success and juvenile recruitment, but high rates of adult survival 
and recruitment (Jones 2016).  
Silver Peaks and Silverstream both support mammalian predator populations of ship rats 
(Rattus rattus), mice (Mus musculus), brushtail possums (Trichosurus vulpecula), and stoats 
(Mustela erminea), though ship rat abundance is deemed lower in Silver Peaks due to the lack 
of palatable seeds and fruits (King et al. 1996). Recent surveys and footage from nest cameras 
reveal that stoats may be a significant cause of nest predation in robins (Jones 2016). Native 
avian predators such as morepork (Ninox novaeseelandiae), New Zealand falcons (Falco 
novaeseelandiae), and harrier hawks (Circus approximans) have also been sighted in both 
regions, though their abundances are yet to be determined.  
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Chapter 2: Methods 
 
2.1. Measuring Anti-predator Behaviour 
2.1.1. Study Sites  
SI robins are highly territorial and rarely change their territories between breeding seasons 
(Higgins and Peter 2002). Pair territories were located at Orokonui, Silver Peaks, and 
Silverstream after intensive surveys and based on the most recent concurrent monitoring data 
available for each location. Surveys were conducted by walking through the sites and 
stopping periodically to check for robin presence by clapping. Robins are curious by nature, 
and disturbances such as clapping attract their attention, making them easy to monitor (Hay 
1975; Jamieson and Ludwig 2012; Powlesland 1997; McLean, Hölzer, and Studholme 1999). 
If the clapping attracted robins, I fed them mealworms (larvae of the Tenebrio molitor beetle) 
and studied their movements. If males held the mealworms without consuming them, it 
indicated that the pair was breeding or nesting. In that case, I followed the male to its female 
and their nest, and marked the nesting site as their territory. If the male consumed the worms 
and showed no signs of mating, breeding or nesting, I marked the location of its appearance as 
its territory. I then proceeded to train the robins to facilitate monitoring and experimental 
trials. 
2.1.2. Robin Training 
I took advantage of the SI robins‘ inquisitive nature to classically condition them to respond 
to specific aural stimuli. Individuals communicate vocally largely by ―chucking‖. The most 
common is the single-syllable contact chuck: with its low, steady amplitude and a narrow 
frequency range (under 5 kHz), it is used to maintain contact between nearby robins (Flack 
1973; Hay 1975). The chuck can be reproduced by clapping hands or tapping a plastic lid on 
the edge of its bottle. I used both sounds to attract robins to me and trained them to associate 
those sounds with the presentation of mealworms (Jamieson and Ludwig 2012). I later used 
this technique to attract robins to specific sites (trial sites, described later in this chapter) to 
facilitate experimental trials. I also ensured that, post training, the robins under trial were 
accustomed to my presence and showed no antagonistic behaviours towards me before or 




2.1.3. Mammalian Predator Models  
Anti-predator experiments in the 2011–13 breeding season showed that robins in Orokonui 
had retained their anti-predator behaviours and could recognise a taxidermy rat as a predator 
even after two years of isolation from predatory mammals (Jamieson and Easton, unpublished 
data; Schadewinkel et al. 2014; Moore 2016). I therefore replicated the same experiment in 
my study and used a Norway rat (Rattus norvegicus) as one mammalian model. I selected a 
stoat (Mustela erminea) as my second model not only for its notoriety as a major robin egg 
and nestling predator (Moors 1975) and its increasing predation impact on nest survival at 
Silver Peaks and Silverstream (Jones 2016), but also due to Orokonui‘s recent stoat incursion 
and the implications this might have had on the resident SI robin population (Smith 2016). A 
third model served as a control to ensure that the sampled robins could distinguish between an 
actual predator and a similar-looking inanimate foreign object. I used a brown cardboard box 
roughly of the same size and colour as the rat and stoat. The mammalian models and the 
control were mounted upon a plywood base to stabilise them during trials. I took care to 
match the bases to the colour of their mounted specimens, thus camouflaging the base and 
minimising any chances of the robins reacting exclusively to the base. Models were placed on 
the forest floor during trials, with their underlying boards covered with forest debris (Figure 
2.1).  
2.1.4. Avian Predator Models 
Moreporks (Ninox novaeseelandiae) and New Zealand Falcons (Falco novaeseelandiae)are 
natural native predators of the robin (Brown 1997). While falcons have been occasionally 
observed in and around Orokonui, moreporks are more common, with records of successful 
breeding from 2006 and 2010, calls recorded during kiwi (Apteryx australis australis) call 
surveys in 2013-14 (Onley, pers. comm.), and even sightings of morepork nests containing 
robin remains (Jones, pers. comm.). Both moreporks and falcons have also been recorded near 
the robin populations at Silver Peaks and Silverstream (Onley, pers. comm.). I therefore 
obtained taxidermy models of a morepork and of a New Zealand falcon mounted upon 
wooden ―branches‖ fixed under their talons. I employed two methods to present them for 
trials: 
a) I attached a zip-line hook onto one end of the ―branch‖ with a bungee cord threaded 
through its zip. I then fastened the cord around a suitable tree in the territory, tightening it 
until the model stood at right angles to the tree. This method was discontinued after the zip-
line hook broke (only 5 trials were conducted using this method); 
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b) I taped two 10x200 mm flat hex-head bolts to the edges of the ―branch‖ to hold the model 
upright. The edge of the ―branch‖ was then rested against the focal tree and the bolts driven 
into the ground to stabilise the model at right angles to the tree (Figure 2.2). 
2.1.5. Predator Model Trials 
In accordance with previous anti-predator trials on SI robins (Jamieson & Ludwig 2012; 
Jamieson and Easton, unpublished data), I conducted trials within pair territories in Orokonui, 
Silver Peaks, and Silverstream between October 2015 and November 2016 in both the 
breeding season and non-breeding seasons. Areas selected for trials fulfilled the following 
criteria:  
a) They were at least 10 m away from the nest tree, especially if the female was incubating 
eggs or the pair was attending to chicks. I took great care that neither my presence nor that of 
my field assistants unduly distressed the female nor affected the nest survival of any robin 
pair. Distressed females show distinctive wing and tail displays and pirouetting with feathers 
fanned out (Soper 1976, p42): if this was noted at the trial site we moved further away from 
the nest until the female ceased posturing. 
b) They had a flat patch of ground relatively clear of vegetation, assuring minimum 
obstruction for the robin visually and kinetically. 
c) They had no patches with direct sunlight, to preserve visual constancy during trials. 
d) They contained a focal tree, in front of or against which the stimulus model could be placed 
and behind which I could hide for observation and recording. 
e) They featured a perch about a metre away from the focal tree, for the robin to get a clear 
view of the setup while approaching the stimulus. Most perches in the trials were branches 















After selecting a suitable trial area, the stimulus (model or control) was set up near the focal 
tree and concealed with a camouflage-print cloth. I fastened a monofilament line to a corner 
of the cloth so that I could expose the model from a distance. Midway between the focal tree 
and the perch (about 40–60 cm away from the focal tree) I placed a food reward (five 
mealworms) in a clear plastic circular lid, loosely camouflaged with debris from the forest 
floor, and anchored into the ground with a wire. The plastic lid served solely to contain the 
mealworms that would otherwise scatter themselves on the forest floor. I then moved at least 
1.5m away from the setup, holding the other end of the monofilament, and sought cover either 
behind the focal tree or wherever suitable cover was available, to ready the audio equipment. 
If SI robins attempted to approach the site during setup, they were distracted and lured away 
from the site.  
To record alarm calls, I used a Marantz© Professional Handheld Solid State Recorder (Model 
PMD661) with a shotgun mike (Sennheiser© ME 66) fitted with a Rycote© Modular 
Windshield System (WS4). Initial observations showed that the robins were wary of the 
microphone‘s appearance: to avoid its influence on the trial, I camouflaged the microphone 
with a dark green anorak and made efforts to keep it motionless and hidden behind the focal 
tree. After completing the predator model and audio setup, I clapped briefly to attract the 
attention of the robin pair at the site (identified by their bands) to the food reward near the 
setup. I began audio recording when one member of the robin pair began to approach the 
covered setup. The trial commenced only when the target robin either landed on the perch or 
was within a metre of the setup, at which point I slowly pulled the monofilament line to 
uncover the stimulus. Data recording began immediately with the starting of the timer. If the 
robin flew further than 1 m away from the stimulus during a trial—to eat or to cache any 
collected mealworms (Soper 1976, p38–43), or to feed its mate or hatchlings, for instance—
the clock was paused and resumed only after the robin re-entered the trial area. I allotted a 
maximum of five minutes for mealworm consumption. If the robin gave alarm calls, I 
recorded the calls for at least two minutes before covering the model again, and marked the 
time. I then continued recording for a minute before ending the trial after five minutes, and 
noted how long the robin continued alarm calling after the model was covered.  
I rotated four rat models (dubbed Charles I–IV) between pairs in the trials to ensure that 
responses were related to the rat in general, rather than any specific model. Only one model of 
each of the other predators was available for use: Camilla (the stoat), Porky (the morepork), 
and Captain Betty (the falcon). To assess whether familiarity to the models confounded 
responses, Jamieson and Easton (unpublished data) exposed robins to control and rat models 
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on separate days, and then one after the other on the same day, and compared their responses. 
Their data indicated no difference between the two trial types; therefore, I conducted box and 
rat trials in just one visit. However, trials with other models were not conducted on days when 
rats and controls were used: each robin being exposed to only one model a day, to minimise 
their chances of becoming accustomed to the setup or being in a state of heightened vigilance 
upon exposure to a second model.  
For the mammal trials, in the breeding season, males were more likely to approach the model. 
If the male proved elusive and the female displayed no wariness, the female was used in the 
trial. If neither robin was responsive to clapping or showed wariness in approaching the setup, 
I aborted trials for that pair. Only one robin was sampled per pair on any occasion. If and 
when both male and female were vying for the mealworms, I directed a field assistant to 
distract the non-target robin by throwing mealworms away from the setup while I continued 
the trial with the target robin. In the avian trials, both the male and the female inhabiting a 
territory were sampled wherever feasible, as this was conducted in the non-breeding season. 
Fledglings were not included in the main study, but I exposed them to the avian models 
outside of trials to observe their responses.  
2.1.6. Measuring Responses 
I recorded two types of response: 1) mean response intensity, which was a score representing 
the intensity of behavioural response towards the stimulus, and 2) mean consumption time, 
assuming that the SI robin would take longer to consume or to collect five mealworms in the 
presence of a predator. If the robin emitted alarm calls, I used the recorder to mark the times 
at which the model was exposed and re-covered during the trial to note how long calls 
persisted post coverage. Anti-predator behaviours were noted during the five-minute trial —
any behaviour outside of this interval was excluded. Some data collected during the trials 
were excluded on the following grounds: 
a) when the male was aggressive towards the female and it was not clear whether agonistic 
behaviour was directed towards the stimulus; 
b) when either partner interrupted the trial of its mate; 




Following the classification system of Jamieson and Ludwig (2012) I scored all observed 
behaviours based on the intensity of their response: the greater the intensity, the higher the 
score (Table 2.1). In each trial each response type was noted only once, irrespective of its 
frequency of display. The scores were then totalled and categorised into three intensity ranks 
(Table 2.2). 
 
Table 2.1.Types of behavioural responses of South Island Robins towards stimuli and their 
corresponding intensity scores (Jamieson and Ludwig 2012) 
Behaviour (Code) 
Description Intensity Score 
   
No Response (N) None 0 
Short Alert Posture  
(AP ≤ 5sec) 
Bird stops, moves head side to side while facing stimulus 
for ≤ 5sec 
1 
Long Alert Posture  
(AP > 5sec) 
Bird stops, moves head side to side while facing stimulus 




Bird on ground and hops sidewise away from stimulus 3 
Peck-and-perch  
(PnP) 
Bird approaches worms slowly, pecks and flies off 
immediately to perch (with or without worm) 
3 
Head-feather display  
(HF) 






Rapid opening and closing of wings (Maloney and 
McLean 1995) 
4 
Short Alarm Call  
(SAC) 
1-2 alarm calls 5 
Long Alarm Call  
(LAC) 
Prolonged alarm calls 6 
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Table 2.2.Intensity score totals and their corresponding descriptions and ranks (Jamieson and 
Ludwig 2012) 
Intensity Score Total Description Intensity Rank 
   
0 No Response 0 
1-5 Mild Response 1 
>5 Strong Response 2 
 
2.1.7. Statistical Analyses 
2.1.7.a. Intensity Category and Consumption Time 
I conducted a Student‘s t-test on data collected from Silver Peaks and Silverstream with the 
intention of pooling the data from both sites if they were not statistically different. I then 
conducted exploratory data analyses on the data and log-transformed any skewed data to 
sufficiently meet the assumptions of normality.  
I determined the influence of location, stimulus (i.e. rat, stoat, morepork or falcon), season 
(breeding or non-breeding), and their interactions on the two response variables; i.e. mean 
response intensity and mean consumption time by creating a Linear Mixed Model (LMM) for 
each response variable. I treated Pair ID as a random factor to accommodate within-pair 
variation, and designated location, stimulus, and season (all categorical variables with 2 or 3 
levels) as fixed factors. As male responses were primarily recorded, and due to the low 
number of female responses, sex was not included as a factor in the model. All analyses were 
conducted in RStudio version 3.1.2 (2014-10-31)—version ―Pumpkin Helmet‖. 
2.1.7.b. Vocalisation  
All vocal samples were labelled, subjected to noise reduction, and trimmed on Audacity® 
before analysis. I used the marked times (noted using Denon and Marantz Professional DMP 
Mark Editor® version 2.0.0) to divide each trial into three segments: the Basal Time (trial 
time before model exposure), Exposed Time (during which the model was exposed), and 
Elapsed Time (time after model was re-covered). I reasoned that alarm calling in the Elapsed 
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Time segment may be an indicator of threat level, showing how call duration and strength 
might be sustained even in the visual absence of the stimulus. For each segment I conducted:  
a) Spectral Analysis — where I noted the syllable type and computed the maximum frequency 
and frequency range for each syllable in every category, and averaged it for each segment in 
each trial; and 
b) Temporal analysis—where I calculated the call rate, syllable duration, and inter-syllable 
duration for each segment in each trial. 
My objective was to determine any differences in the characteristics of acoustic signals given 
in response to each predator class (i.e. terrestrial or avian predators), and between species in 
each predator class. To characterise within-group variations between Exposed Time and 
Elapsed Time for each stimulus, I ran Student t-tests for each characteristic between the 
segments. I then analysed the variables in each segment with a Linear Discriminant Analysis 
(LDA) to determine if the acoustic characteristics could be classified into calls associated with 
specific predators or predator classes. This was followed by three parametric Multivariate 
Analyses of Variance (MANOVAs)—one between terrestrial and avian classes, one between 
rats and stoats, and one between morepork and falcons—to compute the variance in 
characteristics between calls given to stoats/rats and moreporks/falcons. Effect sizes for each 
variable were obtained by running individual Analyses of Variance (ANOVAs) and model-
checking results using Levene‘s Test. All vocal analyses were conducted on Raven® Pro 64 
1.5 (Cornell Lab of Ornithology, Ithaca, NY) and RStudio version 3.1.2 (2014-10-31)—
version ―Pumpkin Helmet‖. 
2.2. Nest-site Selection 
2.2.1. Study Sites: Nest Sites 
I located nests in the 2015-16 breeding season through surveys (detailed earlier in this 
chapter) conducted from October 2015 to February 2016. Each nest was tagged with flagging 
tape at least 4 m away from the nest tree: previous research suggests that flagging the actual 
nest tree would distress nesting birds and could also attract predators to the nest (Yahner and 
Wright 1985). I surveyed nest site habitat (see Section 2.2.3) once breeding was completed, 
taking care that that no sites were still being used or frequented by the pair, as disturbance 
could result in nest abandonment (Kilgo et al. 1996). Nest sites from different pairs as well as 
multiple clutches of a single pair were surveyed due to the limited number of robin pairs 
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available at Silver Peaks and Silverstream, and also as pairs did not nest in the same tree 
twice.   
2.2.2. Study Sites: Control Sites 
Control sites are unused sites present outside of robin territories. To compare the 
characteristics of nest sites and unused habitats, a control site was randomly selected for each 
nest site assessed. However, study area constraints, difficult terrain, and inaccessibility due to 
commercial logging activities at Silver Peaks and Silverstream made the random selection of 
control sites difficult to achieve with a single method. Two approaches were therefore used to 
identify control sites: 
a) Along known walking trails, I alternated left and right turns every 500 m and then walked a 
randomised distance between 10–50 m away from the main path. The first tree (diameter at 
breast height, DBH ≥ 30 cm) with a fork was selected and marked as the focal tree for a 
control site. At Orokonui, due to the close proximity of monitoring tracks (< 50 m apart), I 
walked alternate tracks and limited the randomised distance to under 25 m to keep me from 
crossing over to other tracks. 
b) If the sites found by method (a) above were inaccessible or within 100 m of known robin 
territories, I moved 200 m away from the site to exit the territory (as mainland robin territories 
could extend beyond 200 m in length (Byrne 1999)) and repeated the randomised sampling 
technique to select a new site.  
2.2.3. Habitat Assessment 
In order to characterise habitat I used the Reconnaissance Plot (RECCE) method to record 
elements of vegetation structure (Allen 1992) that could influence nest discovery by 
predators. These included features related to nest concealment, overhead concealment, and 
accessibility from predators, while also functioning as structural characteristics that many 
small birds select in choosing their territories (Cody 1987, p4–56)  (Table 2.3) (see Appendix 
A: Habitat Assessment Data Sheet). I split the variables broadly into two categories based on 
the scale of concealment and accessibility (Table 2.3): 
a) Nest Cover variables, for which I noted details of the nest tree and parameters pertaining to 
immediate nest concealment; and 
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b) Site Cover variables, which I sampled within a 10 m x 10 m plot centred on the nest tree (in 
nesting sites) or the focal tree (in control sites). Variables were sampled in the four 5 m x 5 m 
quadrant subplots of the 10 m x 10 m plot (Allen 1992; Cousin 2004). 
2.2.4. Statistical Analyses 
My objective was to discern habitat differences in SI robin nest sites between mammal-free 
Orokonui and mammal-dense Silver Peaks and Silverstream. I therefore used Resource 
Selection Function (RSF) models to characterise the habitats chosen as nest sites in each 
location (Boyce et al. 2002).  My study design is based on Thomas and Taylor‘s Design III, 
which involves a three-level selection process: selection of individual birds, selection of 
independent used and available sampling sites and the resource units for each site, and sub-
sampling of resource units within those sites (Thomas and Taylor 1990; Manly, McDonald, 
and Thomas 2012, p7). After conducting exploratory data analyses on the data, log-
transforming any skewed data and standardising the variables, I created four models to suit 
the two scales of analyses:  
(i) Within-location analysis (3 models, one for each location) 
I compared the habitat features of nest sites and control sites within Orokonui, Silver Peaks, 
and Silverstream separately, to determine if SI robins specifically selected for nest sites with 
more protection from predators. For each location, I subjected the selected variables to model 
selection using AIC (Akaike Information Criterion), and model-averaged the subset of models 
with ΔAICc values < 2, removing variables that didn‘t lend statistically or biologically to the 
optimum model (Hastie, Tibshirani, and Friedman 2009, p533). I then used the remaining 
variables to run a Generalised Linear Model (GLM) to statistically quantify the differences, 
with site type (nest/control) as a fixed factor. To visualise the degree of variation in the 
variables between nest and control sites, I performed a PCA (Principal Component Analysis) 
and plotted its results.  
(ii) Between-locations analysis (one model for all three locations) 
I compared habitat features of nest sites between the three locations to determine if SI robins 
at mammalian predator-free Orokonui chose more exposed nesting sites than those at Silver 
Peaks and Silverstream.  I used AIC for model selection by model-averaging over a subset of 
models with ΔAICc values < 2, and subjected suitable variables to a GLM to quantify the 
variables and gauge their interactions with the locations, and a PCA to visualise the variation. 
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All statistical analyses were conducted in RStudio version 3.1.2 (2014-10-31)—version 
―Pumpkin Helmet‖. 
 
Table 2.3. The parameters assessed under Robin Habitat Assessment, categorised into Nest 
Cover variables and Site Cover variables, the methods used to assess them, the variables 
extracted from the data for use in the statistical analyses, and their biological relevance as 











and nest tree 
height 
Measured using a clinometer and 
recorded as the ratio of nest 












Measured as the estimated 
percentage of foliage cover in a 
50 cm diameter circle centred on 
the nest 1 m above and below the 
nest, and in the four cardinal 
directions around the nest (e.g. 
Martin and Roper 1988) 
(i) Horizontal Nest 
Cover (%)  
(ii) Vertical Nest 
Cover (%) 
(iii) Average Nest 
Cover (%) (average of 
i and ii) 
Nest crypsis 
through  immediate 
vegetation cover 
could decrease nest 
visibility by 
predators  (Holway 














Assessed in sample areas within 
each subplot using a system of 
Restricted Randomisation called 
Stratified Systematic Unaligned 
Sampling method (e.g. Quenouille 
1949). Measured using a periscope 
at five random points selected 
within each sample area, and 
recorded as a percentage (e.g. 
Handford 2002) 
 







and Catterall 2004) 
Tree Density Assessed within each subplot, 
measured using a tape measure, and 
recorded as number of trees and 
distance of each tree from 
nest/focal tree (e.g. Yahner 1983) 
(i) Number of Trees  
(ii) Number of  
Trees in Zone 1 (0–
2.5 m from focal 
tree), Zone 2 (2.5–5 
m), and Zone 3 (> 5 
m) 
 
High tree density 






Measured within each subplot in 
six standard Braun-Blanquet cover-
abundance classes (e.g. Michel et 
al. 2010) for each tier height of 
vegetation  
(i) Average Cover 
Rank per Site each 
for Tiers 1–6 (See 
Appendix A). Snags 
(Tier 6) are defined 
as dead trees and 
forest debris.  
Dense vegetation 
cover at different 
levels can lower 
bird and nest 
visibility by 








Chapter 3: Adaptive Anti-predator Behavioural 
Displays of South Island Robins (Petroica 




Anti-predator behaviour in SI robins is deimatic; i.e. intended to startle the predator and gain 
time to gauge the threat and then react accordingly (Barnard 2012, p206). The response might 
have originally developed against native predators, but this species‘ ability to recognise new 
threats has helped it to direct the behaviour towards introduced mammalian predators 
(Maloney and McLean 1995). Predator recognition can be refined to predator specificity with 
increased predation pressure and abundance, and personal experience (Coss 1999; Kelley and 
Magurran 2003; Caro 2005): recognising individual predators, predator species, a class of 
predator (terrestrial or avian, for example), or a situation with an increased likelihood of 
predation (McLean and Rhodes 1991) could all contribute to predator-specific responses. 
Personalised behaviours may also develop through vigilant interaction with predators or 
observation of conspecifics‘ reactions towards certain predators (Curio 1993; Brown 1997; 
Caro 2005, p18–19).  Coexistence with more diverse predators—introduced predators in 
addition to the extant native ones— in larger abundances might have motivated the SI robin to 
distinguish between predator species to balance behavioural costs and adjust coping 
mechanisms accordingly (Moors 1975; McLean and Rhodes 1991, p173–211; Naguib 1999; 
Caro 2005), but this has not been confirmed in the SI robin‘s case.  
The effect of relaxed predation pressure on robins is evident: research reveals the loss of anti-
predator behaviour following isolation from mammalian predators, either when robins are 
translocated to predator-free islands  (Maloney and McLean 1995; Jamieson and Ludwig 
2012; Whitwell et al. 2012), or to mainland islands subject to intense mammalian-predator 
management (Whitwell et al. 2012). Research also details how the anti-predator response can 
be actively taught (Maloney 1991; Maloney and McLean 1995). While it is assumed that 
natural encounters with predators would also reactivate the anti-predator response in 
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individuals that had lost this behaviour, proof of this is yet to be established. What also 
remains unknown is the range of specificity of learned behaviour; i.e., whether anti-predator 
responses in robins are generic, species-directed, or predator-population dependent. This 
chapter aims to create a comprehensive picture of the behavioural plasticity of anti-predator 
behaviour of the South Island Robin. It explores two hypotheses: 
a) SI robins lose predator recognition and anti-predator behaviour inside mainland islands in 
the absence of predators. I hypothesize that, due to the relaxed predation pressure in 
Orokonui, the SI robins in this mainland island will have lost their anti-predator behaviour 
towards mammalian predators compared to SI robin populations at predator-dense Silver 
Peaks and Silverstream. 
b) Recognition of and responses to different mammalian predators is species-specific. With 
populations at Silver Peaks and Silverstream facing predation from both rats and stoats, I 
hypothesize that SI robins will be able to distinguish between the two predators at a species-
level through different response types or response intensities. In the case of the SI robins at 
Orokonui, the stoat incursion from June-November 2015 (Smith 2016) may have encouraged 
anti-predator behaviours against stoat models, but it may have also elevated innate cautionary 
responses, which may lead them to show generic anti-predator behaviours towards any 
mammalian intruder, lowering the specificity of their predator recognition skills to a predator 
class. 
3.2. Methods 
I conducted anti-predator behavioural trials with mammalian models on territorial SI robins at 
Orokonui, Silver Peaks and Silverstream in the breeding season (refer to Chapter 2 for the 
detailed methodology). Only pairs with chicks or dependent fledglings were trialled to 
eliminate any inter-pair variation in breeding stages. Unmated adults and non-breeding season 
samples were excluded from the study due to low detection rates. I collected data at the three 
localities mostly from October to December 2015 and partly in November 2016 for Silver 
Peaks and Silverstream only. I conducted Student‘s t-tests on data collected from Silver Peaks 
and Silverstream with the intention of pooling the data from both sites if they were not 
statistically different, and ran a Linear Mixed Model (LMM) to analyse the trend of response 







With the control and model rat I trialled 33 individuals (Orokonui n = 21, Silver Peaks n = 6, 
Silverstream n = 6) and with the model stoat I tested 23 individuals (Orokonui n = 9, Silver 
Peaks n = 7, Silverstream n = 7). Thus, I conducted a total of 89 trials (33 control + 33 model 
rat trials + 23 model stoat trials) to study anti-predator responses. Out of these, fifteen 
individuals underwent both rat and stoat trials. Most of the trialled robins were male; only 
three robins were female and preliminary analyses showed no behavioural differences 
between the sexes. The Student‘s t-test revealed no differences between the Silver Peaks and 
Silverstream populations, so I pooled data before further analysis (Intensity Category t = -
0.530, df = 37, p = 0.599; Consumption Time t = -1.090, df = 33,p = 0.284). The statistical 
results of the LMM comparing the responses between the control, rat, and stoat are 
summarised in Table 3.1.  
3.3.1. Rat Trials 
The effect of the interaction of the rat stimulus and location on the response intensity was 
strongly positive and significant (p = 0.002) (Table 3.1; Figure 3.1), an indicator that the SI 
robins were more agitated towards the rats at Silver Peaks and Silverstream than at Orokonui. 
The same interaction had a similar positive and significant effect on consumption time (p = 
0.0001) (Table 3.1; Figure 3.2): the SI robins took less than half the time on average to 
consume mealworms at Orokonui (range 5-100 seconds, mean = 20.9 seconds) than at the 
other locations (range 24-93 seconds, mean = 49.1) in the presence of the rat. 
 
3.3.2. Stoat Trials 
The stoat stimulus positively and significantly (p = 0.0001) (Table 3.1; Figure 3.1) affected 
the response intensity, indicating that the SI robins were more agitated around the stoat than 
the control irrespective of the location. Similarly, the stoat produced strongly positive and 
significant effects on SI robin consumption time compared to the control, irrespective of the 
location (Table 3.1; Figure 3.2): SI robins took four times longer to eat around the stoat (range 






Table 3.1.  A summary of the LMM output of the fixed effects and their interactions for the 
two responses (Ranked Intensity Category and Consumption Time) of South Island Robins to 
a control, a rat model and a stoat model. SP/SS = Silver Peaks/Silverstream. Bold indicates p< 
0.05  
Response Term Coeff. SE 95% CI t p 
    
Lower Upper 
  




Location (SP/SS) -0.063 0.107 -0.28 0.154 -0.593 0.557 
Rat Model 0.052 0.077 -0.103 0.208 0.676 0.502 
Stoat Model 0.453 0.108 0.235 0.671 4.175 0.0001 
Location*Rat Model 0.425 0.128 0.167 0.683 3.313 0.002 
Location* Stoat Model -0.175 0.149 -0.475 0.126 -1.168 0.249 
        
Consumption 
Time 
Location (SP/SS) -0.045 0.1 -0.249 0.158 -0.452 0.654 
Rat Model -0.184 0.072 -0.163 0.126 -0.255 0.8 
Stoat Model 0.614 0.101 0.411 0.818 6.078 <0.001 
Location*Rat Model 0.521 0.119 0.281 0.761 4.365 0.0001 













Table 3.2.  The percentage of South Island Robins sampled displaying specific anti-predator 
behaviours towards a control, model rat, and model stoat at Orokonui and SP/SS (Silver 
Peaks/Silverstream). SAP = Short Alert Poster; LAP = Long Alert Posture; PNP = Peck and 
Perch; SH = Side Hop; WF = Wing Flick; CR = Crest Raise. 
Stimulus Site SAP LAP PNP SH WF CR 
 
 
   
 
  
Control Orokonui 19% 0% 61.9% 0% 19% 0% 
 SP/SS 16.7% 8.3% 58.3% 8.3% 0% 0% 
        
Model Rat  Orokonui 4.8% 9.5% 66.7% 9.5% 9.5% 0% 
 SP/SS 33.3% 91.7% 83.3% 50% 50% 8.3% 
        
Model Stoat  Orokonui 66.7% 66.7% 100% 0% 33.3% 0% 
 SP/SS 71.4% 35.7% 57% 0% 50% 0% 
        
 
   
 
Figure 3.1. Mean intensity of behavioural responses (with 95% confidence intervals) 
displayed by South Island Robins at Orokonui (n = 51) and Silver Peaks/Silverstream (SP/SS) 




Figure 3.2. Mean consumption time (with 95% confidence intervals) displayed by South 
Island Robins at Orokonui (n = 51) and Silver Peaks/Silverstream (SP/SS) (n = 38) towards a 
control box, a rat, and a stoat model  
 
Response intensities towards the predator models at Silver Peaks and Silverstream formed 
discrete blocks with distinct, non-overlapping standard deviations (Figure 1.1), and the 
distinction between them was statistically verifiable with a significant Student‘s t-test (t = 
2.083, df = 20, p = 0.05) 
3.4. Discussion 
The results of this study demonstrate how anti-predator behaviours can be lost and gained by 
robins. As predicted, SI robins at Orokonui lost anti-predator behaviours towards rats, but 
regained behaviours towards stoats, demonstrating behavioural plasticity possibly based on 
experience. SI robins are more likely to exhibit behavioural adaptations upon experience with 
novel predators due to their ontogenic isolation from the mainland (Griffin, Blumstein and 
Evans 2000; Blumstein 2002a; Blumstein 2002b). 
At Orokonui, robins responded similarly to the box and the rat with shorter consumption 
times and lower response intensities than robins at Silver Peaks and Silverstream, indicating a 
loss of predator recognition and anti-predator behaviour towards rats in the ecosanctuary 
population. This outcome aligns with the results from Jamieson and Ludwig (2012) and 
Whitwell et al. (2012), supporting the theory that SI robins lose predator recognition and anti-
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predator skills when isolated from mammalian predators. At the time this study was 
conducted, Orokonui‘s SI robins had had 8 years to lose their anti-predator behaviour, 
although concurrent research by Moore (2016) suggests that anti-predator responses could 
have disappeared in as little as 3-5 years among experienced individuals i.e. individuals 
translocated from predator-dense areas into Orokonui. 
As predicted, SI robins at Orokonui displayed intense anti-predator behaviours towards the 
stoat model, providing evidence on the impact of predator incursions into mainland islands on 
anti-predator responses. The renegade stoat (female, with kits), which was discovered in 
Orokonui in June 2015 and terminated in November 2015 (Smith 2016) presumably had an 
impact on the SI robin population. The 2015–16 census revealed the loss of five known 
breeding female SI robins from pairs recorded in the previous survey in 2013-14 by Jamieson 
and Easton (pers. obs.). Breeding pair numbers in 2015-16 were similar to those in 2013-14, 
indicating possible predation on a population that was otherwise increasing annually 
(Jamieson and Easton, unpublished data). SI robin responses to the stoat suggest that they 
learned to distinguish the stoat from the rat and recognise the former as a threat, possibly due 
to direct and indirect interactions with the stoat. SI robins at Silver Peaks and Silverstream 
could also distinguish the stoat from a box and identify the former as a predator. While 
consumption times in the presence of rats and stoats were comparable at these localities, the 
response intensities formed discrete blocks with distinct, non-overlapping standard deviations 
(Figure 1.1), and the distinction between them was significant. While behaviours observed in 
the presence of the rat model were the same as those in the presence of the stoat model, the 
robins displayed side-hop behaviours around the rat but never around the stoat (Table 3.2). 
The frequency of side-hop displays across all the trials was low (Table 3.2), so I cannot 
suggest that side-hops are unique behaviours shown only towards rats and not stoats.  
It is possible that the response intensities displayed in the presence of different predators 
reflect varying predator densities, with more intense responses against most abundant 
predators (Kelley and Magurran 2003; Caro 2005; Whitwell et al. 2012). Minimal rat 
presence at Orokonui led to the loss of rat recognition while the recent stoat incursion resulted 
in elevated anti-stoat responses in the SI robins. At Silver Peaks and Silverstream it may be 
possible that rats are the more abundant predator, leading to more intense responses towards 
rats than stoats. Predation by both species is well-documented at the sites (Jones 2016) but as 
their estimated densities are unknown, it is not possible to ascertain if the intensity of anti-
predator responses towards the two predators is correlated to their relative abundance.  
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My research assumed that the behaviours displayed towards predator models would be similar 
to those displayed towards live predators. Using live animals instead of models could result in 
more robust anti-predator behaviours and possibly induce greater predator avoidance or 
fleeing tactics based on the perceived threat (Dutra et al. 2016). Conducting trials with live 
predators could be difficult though it has been attempted in previous studies (van Heezik, 
Seddon and Maloney 1999, Dutra et al. 2016). Another parameter that may have affected the 
response intensity was model placement. The anti-predator behaviours in this experiment 
were displayed towards models assuming a ‗ground‘ approach, with the stimuli placed on the 
ground close to the nesting tree and within the nesting site. However, many records of SI 
robins‘ deaths report predation at the nest (Flack 1973); Maloney (1991) simulated this in his 
model presentation, wherein the stimuli were attached with strings and raised up to nest level 
within 1-1.5m of the nest. Additionally, the model was shaken by its strings to gain the 
robin‘s attention. While Maloney‘s (1991) method may elicit stronger anti-predator or nest-
defence behaviour (robins in his experiment gave alarm calls to stoats (Maloney pers. 
comm.)), it was unfeasible to replicate his protocol in my research. Firstly, the nesting habitat 
and nest heights varied greatly across my three study sites, with many nests too high to access 
or obscured by the canopy. Secondly, with the SI robin population at Silver Peaks and 
Silverstream already facing low survival rates, it was best to avoid disturbing birds at the nest 
in case they abandoned breeding attempts in response to the close disturbance (Kilgo et al. 
1996), perhaps interpreting it as a predation event (Ackerman et al. 2003; Ellis-Felege et al. 
2012). I did experiment with on-ground predator movement by simulating movement in the 
trial stimuli (see Appendix B: Experimental Trials to Determine Responses towards Mobile 
Predator Models) but this did not elicit stronger anti-predator behaviour from the SI robins. 
The conservation management of mainland islands would benefit from considering the 
evolution of anti-predator behaviour in species inhabiting their sanctuaries. Fenced 
ecosanctuaries are designed to aid species recovery by permanently eradicating pests or 
invasive predators from an area to allow endangered native wildlife to recover and thrive 
(Saunders and Norton 2001). The loss of anti-rat behaviour by SI robins inside Orokonui is 
testimony to the effectiveness of fenced sanctuaries in reducing rat populations despite some 
minor incursions (Maitland 2012). However, the results of this study show that predator 
incursions can have a substantial impact on populations that have reduced predator 
recognition skills. The loss of five known breeding SI robin females from the Orokonui 
population (pers. obs.) and the extirpation of the SI saddleback population (Smith 2016), 
amongst other undocumented losses, underscore the impacts that predators can have on birds 
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in sanctuaries/mainland islands, and the importance of understanding the process by which 
anti-predator behaviours are lost in native species when planning conservation management 
schemes for them. For instance, SI robins have been recently observed venturing and nesting 
beyond Orokonui‘s fence (Elton Smith and Samantha Ray, pers. comm.), raising concerns 
that these individuals might be particularly susceptible to predation due to their lowered anti-
predator responses. It is possible that SI robins at the eco-sanctuary‘s edge may have stronger 
anti-predator responses than those living in the heart of the eco-sanctuary due to greater 
visibility and exposure to predators outside Orokonui, but this pattern of spatial variation has 
not yet been explored. Orokonui‘s Halo Project ―Beyond Orokonui‖, spearheaded by the 
Landscape Connections Trust, is currently engaging partners and local communities in 
increased predator trapping in Orokonui‘s vicinity to enhance native biodiversity, and also 
protect populations of species such as SI robins that will spill out of the sanctuary when they 
reach carrying capacity inside (Millar 2015).  
A saturated carrying capacity underscores the mainland island‘s second purpose as a potential 
source for population supplementations outside the ecosanctuary (Seddon, Armstrong, and 
Maloney 2007).  For example, Orokonui‘s healthy SI robin population has been proposed as a 
source population to supplement robin numbers at Silver Peaks and Silverstream (Jones 
2016). Such supplementation and reintroduction strategies may be compromised by the loss of 
anti-predator behaviour in the reintroduced populations if the individuals are translocated into 
areas where all the predators have not been removed, resulting in low survival rates due to 
predation (Beck et al. 1994). Therefore, the dynamics of anti-predator behaviour prior to 
reintroduction is a key factor in determining post-release survival at the population level 
(Armstrong and Seddon 2008). Pre-release anti-predator training can improve the odds of 
species survival through conditioning using predator models, alarm and mobbing calls, and 
other stimuli, to teach individuals to associate predators with dire events (Griffin, Blumstein, 
and Evans 2000). These strategies have produced mixed results in the past (Ellis, Dobrott, and 
Goodwin 1977; McLean, Lundle-Jenkins, and Jarman 1996; McLean, Hölzer, and Studholme 
1999; van Heezik, Seddon, and Maloney 1999; McLean et al. 2000), suggesting that learning 
specificity differs between species and populations based on their evolutionary history, social 
behaviour and personal experience (Griffin, Evans, and Blumstein 2001). Ontogenetically 
isolated birds, like SI robins, will be more responsive to learning regimes than evolutionarily 
isolated species (Griffin, Blumstein and Evans, 2000; Blumstein 2002a; Blumstein, 2002b). 
Pre-release anti-predator training allowed SI robins to recognise specific threats (Maloney 
1991; Maloney and McLean 1995), but the degree of specificity is yet to be fully explored. In 
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this study, the SI robins gave classic alert responses towards the control at all three study 
sites: mid-intensity ―peck and perch‖ behaviours were displayed significantly more than low-
intensity alert postures, and some high intensity responses such as wing-flicks were also 
displayed. This observation can be a result of many ecological and evolutionary processes:  a 
list of hypotheses, detailing processes by which anti-predator responses are obtained, is given 
in Blumstein (2006). I shall try to elaborate on some theories that I consider relevant for the 
scenario at Orokonui. Firstly, anti-predator responses could be indistinguishable from 
behaviours associated with general vigilance, which would signify the presence of an 
underlying generic cautionary behaviour that may be evolutionarily active even in mainland 
island individuals (Riechert and Hedrick 1990; Griffin, Evans, and Blumstein 2001). 
Conducting additional trials with a second control, a non-predatory mammal, could confirm 
this behaviour, though studies with other passerines show that these controls elicit low-
intensity responses as well (Kullberg and Lind 2002). Displaying anti-predator behaviour 
towards predatory mammals could also require innate caution as a component in addition to 
experience with a predator (Magurran 1990): it may be that responses towards the box (and 
the rat, in Orokonui) reflect only an inherited predisposition and lack the experiential element 
that defines anti-predator behaviour in SI robins. The responses may also be a reaction to the 
features of the box that resemble a rat or stoat: studies show that predator recognition enlists 
the association of discrete visual cues—such as size, contour, and colour—to identify a 
predator species (Curio 1975; Ramakrishnan and Coss 2000). 
Another possibility is explained by Blumstein‘s Multipredator Hypothesis, wherein anti-
behaviour persists in populations devoid of specific predators due to the presence of 
alternative predators (Blumstein, Daniel, and Springett 2004; Blumstein 2006; Blumstein, 
Bitton, and DaVeiga 2006). The presence of native avian predators such as moreporks and 
falcons at Orokonui may, therefore, be sustaining the SI robin‘s anti-predator behaviours. An 
extension of this theory could be the effect of predator lethality (Brown 1999). The infrequent 
incursions of mammals into Orokonui, and especially that of the recent stoat, could have 
maintained anti-predator responses at least at its lowest intensities. Predator-specific 
responses would then be based on experience, as was shown with the stoat, though how long 
it would take the SI robins to lose their new-found stoat recognition has yet to be determined.  
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Chapter 4: Seasonal Variation in Anti-predator 
Behavioural Displays of South Island Robins 
(Petroica australis australis) to Introduced 
Mammalian Predators  
 
4.1. Introduction 
Behavioural adaptations in birds are often the result of cost-benefit assessments of fitness 
(Sordahl 1990). For example, when faced with a risky situation, a bird should calculate the 
level of risk by assessing its associated costs and benefits, gauge what response would lower 
its costs and increase its benefits, and adjust its behavioural response accordingly (DeWitt, 
Sih, and Wilson 1998; Strauss, Lau, and Carroll 2006; Ghalambor et al. 2007). Studies often 
equate predation costs with predation risks, using the energy-time expenditure of response 
behaviours as a proxy parameter that birds use to assess costs (Trivers 1972; Montgomerie 
and Weatherhead 1988; Sordahl 1990). These costs are often positively related to the intensity 
of the behaviour displayed (Montgomerie and Weatherhead 1988), so variation in behavioural 
intensity could reflect the level of risk assessed. 
Discretion in the display of anti-predator behaviour depends on the assessment of the 
predation risk, and the intensity of response reflects the trade-offs between parental 
investment and predation risk in the breeding season, and starvation and predation risk in the 
non-breeding season (Montgomerie and Weatherhead 1988; Broggi 2006). Studies have 
previously used energy-time investment to explain adaptive anti-predator responses in the 
breeding season (Lima and Dill 1990; Caro 2005) and non-breeding season (Trivers 1972; 
Lima 1986; Montgomerie and Weatherhead 1988; Sordahl 1990; Pravosudov and Grubb 
1997). Adaptive responses were noted primarily as a result of shifting parental investment 
patterns (with the lack of dependent offspring in the non-breeding season) and variable food 
availability that accompanied seasonal (summer to winter) change. Parental investment 
ensures the survival of a bird‘s mate, its current clutch, and altricial fledglings. The survival 
costs of these dependent factors, along with extrinsic factors such as food availability, dictate 
the intensity of anti-predatory behaviour (Trivers 1972; Caro 2005, p336). Predation pressure 
may also affect behavioural intensity: adaptive anti-predator behaviours have been observed 
40 
 
under varying predation pressures with studies recording changes in behavioural strategies 
with predator composition and abundance (Lima and Dill 1990; Lima 1998; Caro 2005). The 
intensity of anti-predator behaviour could reflect the assessment of both immediate and 
background predation risks and the costs they would potentially incur in different seasons.  
Research on energy allocation in New Zealand robins emphasises an increase in singing 
behaviour with food supplementation during the winter (Barnett and Briskie 2010).  With 
evidence of energy reallocation to non-maintenance behaviours in the winter, one can predict 
that SI robins are likely to conserve and invest energy in behaviours like foraging rather than 
costly maintenance behaviours like anti-predator behaviours in colder, leaner periods with no 
breeding activities. This chapter thus explores seasonal variation in anti-predator behaviour 
through two predictions: 
a) SI robins show less intense anti-predator behaviour in the non-breeding season. Anti-
predator behaviour in SI robins is functionally distractive i.e. meant to distract predators from 
mates or nests (Caro 2005, p343; Barnard 2012, p206) and distraction behaviours are most 
often displayed during parental care (Shedd 1982; Sordahl 1990). I predict that SI robins will 
show less intense anti-predator behaviours (see Table 2.1 in Chapter 2 for intensity scores of 
anti-predator behaviour) and show shorter consumption times during the non-breeding season 
than the breeding season when they are nurturing offspring. 
b) Seasonal variation in SI robin anti-predator behaviour is greater in sites with mammalian 
predators present. Considering the high predator abundance in Silver Peaks and Silverstream, 
I predict that the seasonal difference in behavioural intensity will be greater at Silver Peaks 
and Silverstream than that at mammal-free Orokonui. 
4.2. Methods 
I ran anti-predator behavioural trials by exposing SI robins to rat and stoat models at 
Orokonui, Silver Peaks, and Silverstream during breeding and non-breeding seasons (refer to 
Chapter 2 for detailed methodology). I collected breeding season data from October to 
December 2015 and partly in November 2016 for Silver Peaks and Silverstream only. Data 
for non-breeding season were collected between February and April 2016, after ensuring that 
no pairs were breeding or caring for altricial juveniles, and that all moulting activity had 
ceased. Moulting is known to induce a state of ―social instability‖ (Berggren and Low 2006) 
that would influence the inclination of the birds to approach stimuli during trials. I conducted 
Student‘s t-test on data collected from Silver Peaks and Silverstream with the intention of 
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pooling the data from both sites if they were not statistically different, and then ran the data 
through a Linear Mixed Model (LMM) to analyse trends in response intensity and 
consumption time between seasons for each stimulus (refer to Chapter 2 for details). 
4.3. Results 
4.3.1. Rat Trials 
I conducted a total of 51 trials comprising 33 breeding season samples (Orokonui n = 21, 
Silver Peaks n = 6, Silverstream n = 6; the same birds sampled in Chapter 3) and 18 non-
breeding season samples (Orokonui n = 7, Silver Peaks n = 4, Silverstream n = 7). Only 4 
robins were sampled in both breeding and non-breeding seasons. The Student‘s-t test revealed 
no differences between the populations at Silver Peaks and Silverstream, so I pooled the data 
(Intensity Category t = 0.175, df = 19, p = 0.863; Consumption Time t = 0.693, df = 11, p = 
0.503). The results of the LMM comparing responses to the rat between breeding and non-
breeding season are summarised in Table 4.1. 
 
Table 4.1. A summary of the LMM output of the fixed effects and their interactions for the 
two responses (Ranked Intensity Category and Consumption Time) of South Island Robins to 
a rat model in the breeding and non-breeding season. The confidence intervals in the analysis 
for consumption time are marked n/a as there is no within-pair variance to account for. SP/SS 
= Silver Peaks/Silverstream. Bold indicates p< 0.05 
Response Model Term Coeff. SE 95% CI t p 
    Lower Upper   




Location (SP/SS) 0.834 0.163 0.503 1.164 5.127 < 0.001 
Season -0.141 0.194 -0.56 0.278 -0.726 0.481 
Location*Season  -0.596 0.266 -1.171 -0.209 -2.239 0.043 
        
Consumption 
Time 
Location (SP/SS) 1.083 0.23 n/a n/a 4.715 < 0.001 
Season 0.565 0.277 n/a n/a 2.04 0.062 





The effect of location on the ranked intensity response was significantly positive, indicating 
that SI robins responded to the rat model with more intensity at Silver Peaks and Silverstream 
than at Orokonui (p < 0.001) (Table 4.1 and Figure 4.1). The same trend was observed with 
consumption time being greater at Silver Peaks and Silverstream than at Orokonui (p < 0.001) 
(Table 4.1, Figure 4.2). The interaction of location and season had a strong negative effect on 
the ranked intensity, suggesting that response intensities at Silver Peaks and Silverstream in 
the non-breeding season were less intense than those in the breeding season (p = 0.043) 
(Table 4.1 and Figure 4.1). Irrespective of location, response intensities in the non-breeding 
season were lower than those during breeding, though this effect was not significant (p = 
0.481) (Table 4.1 and Figure 4.1). Season had a positive, near significant effect (p = 0.062; 
Table 4.1) on consumption time, showing that irrespective of location, consumption time was 
longer during the non-breeding season (range 11-195 seconds, mean = 54 seconds) than the 
breeding season (range 5-100 seconds, mean = 31.2 seconds) (Figure 4.2).  
 
 
Figure 4.1. Mean intensity of behavioural responses (with 95% confidence intervals) 
displayed by South Island Robins at Orokonui (n = 28) and Silver Peaks/Silverstream (SP/SS) 




Figure 4.2. Mean consumption time (with 95% confidence intervals) displayed by South 
Island Robins at Orokonui (n = 28) and Silver Peaks/Silverstream (SP/SS) (n = 23) towards a 
rat model in breeding and non-breeding seasons 
 
4.3.2. Stoat Trials 
I conducted a total of 49 trials comprising breeding season samples (Orokonui n = 9, Silver 
Peaks n = 7, Silverstream n = 7) and non-breeding season samples (Orokonui n = 15, Silver 
Peaks n = 5, Silverstream n = 6). The Student‘s-t test revealed no differences between the 
populations at Silver Peaks and Silverstream, so I pooled the data (Intensity Category t = -
0.734, df= 22, p = 0.471; Consumption Time t = -1.908, df = 16, p = 0.075). The results of the 
LMM comparing the responses towards the stoat between the breeding and non-breeding 







Table 4.2. A summary of the LMM output of the fixed effects and their interactions for the 
two responses (Ranked Intensity Category and Consumption Time) of South Island Robins to 
a stoat model in the breeding and non-breeding season. Bold indicates p< 0.05  
Response Model Term Coeff. SE 95% CI t p 
    Lower Upper   




Location -0.232 0.137 -0.510 0.047 -1.688 0.100 
Season -0.238 0.127 -0.520 0.044 -1.882 0.892 
Location*Season  0.033 0.175 -0.358 0.424 0.19 0.853 
        
Consumption 
Time 
Location -0.359 0.296 -0.959 0.241 -1.216 0.232 
Season -0.043 0.247 -0.593 0.508 -0.174 0.866 
Location*Season 0.235 0.344 -0.531 1 0.683 0.510 
        
 
 
Figure 4.3. Mean intensity of behavioural responses (with 95% confidence intervals) 
displayed by South Island Robins at Orokonui (n = 24) and Silver Peaks/Silverstream (SP/SS) 




Figure 4.4. Mean consumption time (with 95% confidence intervals) displayed by South 
Island Robins at Orokonui (n = 24) and Silver Peaks/Silverstream (SP/SS) (n = 25) towards a 
stoat model in breeding and non-breeding seasons 
 
None of the factors had significant effects on response intensity or consumption time. With 
respect to response intensity, location had a negative effect indicating that, irrespective of 
season, SI robins at Orokonui showed relatively higher intensities than those at Silver Peaks 
and Silverstream, though this trend was not significant (Table 4.2; Figure 4.3). A similar trend 
was observed with the effect of season on the response intensity: irrespective of location, 
lower response intensities were observed in the non-breeding season than in the breeding 
season, though this difference was not significant (Table 4.2; Figure 4.3). The interaction 
between location and season was only mildly positive (Table 4.2): response intensities across 
locations and seasons were comparable. Consumption times were also comparable, with no 
significant variation in time between location (Silver Peaks /Silverstream range 10-300 
seconds, mean = 73.6 seconds; Orokonui range 23-300 seconds, mean = 86.7 seconds), and 
seasons (breeding season on average (range 10-300 seconds, mean = 75.2 seconds; non-






The response intensity was generally higher in the breeding season than in the non-breeding 
season, irrespective of location or model (Figures 4.1 and 4.3), though this variation was not 
significant except to the rat model. The expression of anti-predator behaviours, in the context 
of nest and offspring defence, is determined by parental investment, with parents weighing the 
trade-off between their own long-term survival and future reproduction, against the survival 
of their current clutch (Trivers 1972; Caro 2005, p336). Therefore, the intensity of anti-
predator behaviour during the breeding season can indicate parental investment in the current 
clutch. The absence of active clutches or altricial juveniles in the non-breeding season 
removes the factor of offspring survival from the trade-off equation, thus potentially reducing 
the intensity of anti-predator behaviour post breeding. Therefore, anti-predator behaviour 
displayed in the non-breeding season would only lend to avoidance of predation of self. 
McLean and Rhodes (1991) interpret this trend based on parent-nest-offspring interactions 
through their Feedback Hypothesis: they predicted that anti-predator behaviour should 
decrease or ‗flatline‘ (i.e. reach an asymptote) with increasing fledgling independence. In 
short, general anti-predator responses such as distraction behaviours are likely to be more 
intense during the breeding season than the non-breeding season. However, this effect 
(towards rat models) is statistically significant only as an interaction with location, suggesting 
that the variation in predation pressure across the three locations is a dominating factor in the 
birds‘ cost-benefit assessment between seasons.  
The seasonal variation in response intensities towards the rat model, as predicted, was higher 
at Silver Peaks and Silverstream compared to Orokonui (Figure 4.1). Response intensity at 
Silver Peaks and Silverstream in the non-breeding season almost equalled breeding season 
responses at Orokonui (Figure 4.1). Varying predator presence and abundance between rat-
free and rat-dense locations might have led to different risk evaluations and therefore different 
intensities of anti-predator behaviour (Caro 2005). The SI robins at mammal-free Orokonui 
appeared to no longer recognise the rat as a predator (refer to the discussion in Chapter 3); it 
is possible that they assessed the rat model as posing low or no risks, and showed equally 
weak anti-predator responses in both seasons. SI robins at Silver Peaks and Silverstream, 
inhabiting spaces with more rats, are therefore likely to have assessed them as posing a 
greater risk and accordingly exhibited higher intensity behaviours (refer to the discussion in 
Chapter 3).  
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Response intensity could also have been enhanced by the reproductive history of the SI robins 
at the predator-dense sites. Montgomerie and Weatherhead (1988) reviewed several 
hypotheses to explain the intensity of parental investment in the context of predation. One of 
these is the ‗Reproductive Value‘ hypothesis, which states that anti-predator behaviour 
increases in intensity with the reproductive value of the adult and the survival value of the 
offspring. Reproductive values are measured in terms of the adult‘s age and re-nesting 
potential, while survival values are measured by the number of current and past clutches, and 
the age, quality, and vulnerability of the offspring in the current clutch (see Montgomerie and 
Weatherhead (1988) for a discussion of these values). Both Silver Peaks and Silverstream 
have had low rates of nesting success and high rates of nest predation over the past few years 
(Jones 2016); some pairs in the 2015-16 breeding season had consecutive failed clutches in 
the same season (pers. obs.). Predation can cause robins to re-nest up to six times in a season 
(Flack 1973), and with each failed clutch, the survival value of the next clutch increases. 
Therefore, it is possible that after successive failures, the high survival value of a final clutch 
could result in SI robins at Silver Peaks and Silverstream risking predation of self over losing 
their clutch, resulting in higher intensity anti-predator behaviours (Montgomerie and 
Weatherhead 1988).  
Seasonal variation in anti-predator responses towards the stoat model was not as evident as 
those for the rat. Response intensities and consumption times were comparable between 
breeding and non-breeding seasons (Table 4.2; Figures 4.3 and 4.4). The difference in 
responses towards rats and stoats might be explained by the ‗Threat-sensitive Predator 
Avoidance‘ hypothesis (Montgomerie and Weatherhead 1988; Helfman 1989), which 
suggests that individuals distinguish between types of risks and adjust their behaviour to the 
threat posed by the specific predator. This process has been studied at various levels of 
specificity, including predator species, hunting position, and class (terrestrial or avian, for 
example) (for example, Ghalambor and Martin (2000); Schneider and Griesser (2015); 
Królikowska et al. (2016)). This study gives reason to justify species-specific responses 
towards the stoat. SI robins at Orokonui are likely to have maintained sustained levels of 
vigilance towards stoats (refer to the discussion in Chapter 3) across seasons after the stoat 
incursion resulted in the loss of SI saddleback (Smith 2016) and SI robin females (pers. obs.), 
which might have altered their risk assessment of the stoat model based on direct or indirect 
encounters with the invasive stoat. Stoats are also abundant and active at Silver Peaks and 
Silverstream, where they were responsible for the failure of at least 14 nests, and predation of 
46% of all observed nests, 33% of chicks, and 13% eggs over two seasons in the latter site 
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(Jones 2016). Increased vigilance around stoats was also noticed at Silver Peaks (Jones 2016). 
In light of this scale of damage by stoats, SI robins at all three sites may have consistently 
high intensities of anti-predator behaviour towards stoats at their current abundances 
irrespective of the season. Orokonui‘s robins displayed more intense behaviours than those at 
Silver Peaks and Silverstream due to the short and infrequent nature of the stoat incursion (see 
discussion regarding the Risk Allocation Hypothesis in Chapter 3).   
Contrary to response intensities, the trend for consumption times did not support the 
hypothesis. In Chapter 3, I interpreted consumption time as a proxy for wariness around the 
stimulus, directly related to the assessed risk level (higher the risk, longer the consumption 
time). By this logic, I predicted that SI robins would show shorter consumption times in the 
non-breeding season. However, consumption times were found to be comparable between 
breeding and non-breeding seasons (Figures 4.2 and 4.4). This trend can be explained by 
comparing the shifting trade-off between breeding and non-breeding seasons. The parental 
investment theory accounts for motivation to feed and nurture offspring as well as an 
incubating mate in the breeding season: the trade-off would then be between nest failure due 
to starvation against the risk of predation (Montgomerie and Weatherhead 1988). I speculate 
that, at all three sites, the SI robins risked predation to feed their breeding mate, chicks, and 
altricial offspring irrespective of the assessed threat. In the non-breeding season, however, the 
trade-off shifts to starvation of self against predation risk (Broggi 2006). With no dependents 
to nurture, the SI robins may have a decreased urgency to forage and an increased motivation 
to protect themselves, thus explaining long consumption times in the non-breeding season 
(Lima and Dill 1990; Lima 1998). During the non-breeding trials in this study, SI robins often 
flew away multiple times in the middle of the trial, forcing the trial to be paused and resumed 
only after their return to the trial area. This observation may indicate the robins‘ decision to 
choose to forgo the mealworms at the trial and not risk predation.  
The trade-off between starvation and predation risk is dependent on energy management and 
food availability (Lima 1986; Barnett and Briskie 2010). While food availability at the study 
sites has not been determined, studies on the SI robin broadly observed that, given its diet, 
there would normally be no shortage of food during the winter, even though SI robins 
generally foraged less during winters (Powlesland 1980b). This behaviour has been noted in 
other species as well: Lima (1986) postulates this as a fitness trade-off on fat and energy 
reserves—to avoid starvation, the bird should preserve as much fat as possible, but avoiding 
predation would result in a decrease in its body mass (Lima 1986; Pravosudov and Grubb 
1997). The leaner frame thus obtained could also make them adept at escaping predators 
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(Lima 1986). Similarly Gosler et al. (1995) observed an increase in the mass of Great tits 
(Parus major) with lower predator abundance. Energy management would also dictate lower 
expenditure during the winter to conserve energy (Królikowska et al. 2016) or reallocate 
energy to less-costly, non-maintenance behaviours (Barnett and Briskie 2010). As the non-
breeding season of SI robins stretches over autumn and winter, lower temperatures might 
force them to conserve energy by choosing predator avoidance over high-energy activities 
such as anti-predator behaviours. Both of these strategies could explain the lower response 
intensities observed in the non-breeding season than in the breeding season.  
It is unknown if current evolutionary parental investment patterns of SI robins have evolved 
in response to introduced predators or varying predation pressure. Studies on other bird 
species show decreased nest-site activity under predation pressure (Massaro et al. 2008), 
altered sleep and vigilance patterns (Stuber et al. 2014) and other life-history changes. In 
analysing adaptive anti-predator behaviour through the lenses of risk assessment and energy-
time management, it is evident that anti-predator behaviour has cognitive and physiological 




Chapter 5: Vocal Anti-predator Response of 
South Island Robins (Petroica australis 




Alarm calling is a vocal expression of anti-predator behaviour, wherein the calling individual 
(termed the ‗releaser‘ henceforth) shows immobility or agitation and elicits sharp sounds in 
response to a threatening situation (Caro 2005, p10). Two broad classes of alarm call types 
can be described based on the function of the call. ‗Urgency-based‘ calls subjectively reflect 
the releaser‘s internal state, with fluctuating acoustic features and gradations that convey the 
level of threat faced by the releaser (Rowell and Hinde 1962). ‗Functionally referential‘ calls 
are context-specific, objectively communicating specific information about the environment 
through acoustically distinct notes (Evans 1997). Referential calls can convey information on 
the predator species (Seyfarth and Cheney 1980; Manser, Bell, and Fletcher 2001), predator 
class (terrestrial or avian, for example) (Griesser 2008; Ausmus and Clarke 2014; Suzuki 
2014), predator size and proximity (Mclean, Smith, and Stewart 1986; Templeton, Greene, 
and Davis 2005; Griesser 2008; Wilson and Evans 2012; Murphy, Lea, and Zuberbühler 
2013), predator colour (Slobodchikoff, Paseka, and Verdolin 2009), and predator position 
(Naguib 1999), among other details (see Manser (2009) for a full review). Many alarm calls 
can incorporate the gradation features of urgency-based calls with the acoustic distinctiveness 
of referential calls, giving a comprehensive narrative of the predation event (Marler, Evans, 
and Hauser 1992; Manser, Seyfarth, and Cheney 2002). 
Alarm calls of SI robins were first described by Hay (1975) as a variant of the downscale call, 
which has short syllables, a large frequency range and decreasing  frequencies, with a rapid 
beginning and a slow end (Powlesland 1983). This variant in robins was named a ―chuck‖. 
Robins usually employed chucks as an expression of aggression between robin individuals, 
although a modification—the loud chuck—was produced towards predators and possibly 
functioned as a warning call to reduce activity at the nest (Hay 1975). Single chucks or a 
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series of chucks would escalate to staccatos, climaxing in staccato monotones during high-risk 
responses to predation events such as mobbing a stoat (Alspach 1973 in Hay 1975). Staccatos 
are detached notes that are equally spaced, have steady frequencies (~5-6 kHz) and faster 
rates (about 6 syllables per second) (Hay 1975; Hancil and Hirst 2013, p22). Hay noted that 
the number of chucking syllables between each call was highly variable, and the calls 
themselves possessed a large frequency range (1.5 kHz to over 9 kHz) with rapid frequency 
fluctuations in the course of each call. He also documented postural displays in the presence 
of predators and suggested that the postures were associated with vocalisations (Hay 1975). 
While Hay‘s (1975) description was qualitatively comprehensive, it did not specifically 
record the contexts in which the alarm calls were given. Therefore, it is unknown if the alarm 
calls were urgency-based or functionally referential, however, the documented variability in 
the number of notes, frequency, and individual calling type suggest that SI robin alarm calls 
could have a referential basis. Most functionally referential calls have acoustically distinctive 
notes and syllable shapes for different stimuli. Nevertheless, studies find that not all 
functionally referential calls show unique syllable shapes (Zuberbühler 2009), but show 
stimulus specificity with changes in call frequency, duration, or power instead (Blumstein and 
Armitage 1997; Blumstein 1999). Predator-specific behaviours are often developed towards 
predators with different hunting styles and threat levels (Caro 2005, p448; Kirchhof and 
Hammerschmidt 2006), so when a species such as the SI robin co-exists with a diverse set of 
predators—such as introduced terrestrial predators and native avian predators—it is more 
likely that they have specific vocal responses towards each predator class, and perhaps each 
predator species. This chapter explores the nature of SI robin alarm calls by hypothesising 
that:  
a) SI robins show functionally referential alarm calls based on predator class. I predict that the 
differences in the hunting habits of terrestrial mammals (rat and stoat) and avian predators 
(morepork and falcon) will have resulted in SI robins developing distinct alarm calls for each 
predator group. 
b) SI robins show functionally referential alarm calls based on avian predator species. As 
moreporks and falcons co-evolved with the SI robin over thousands of years, and vary greatly 
in size, shape, and hunting habits (moreporks are nocturnal whereas falcons are diurnal), their 
differences will have led the SI robins to develop acoustically variable calls for each species. 
As stoats and rats have similar sizes, shapes, and hunting habits, and have only been around 
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for 150-odd years, it is less likely that SI robins would have developed functionally referential 
calls to differentiate between them.  
5.2. Methods 
I conducted anti-predator behavioural trials with mammalian and avian models on territorial 
SI robin pairs at Orokonui, Silver Peaks and Silverstream (see Chapter 2 for detailed 
methodology). Trials with mammalian models occurred in the breeding season (October to 
December 2015). Trials with avian models were conducted in the non-breeding season 
(February-April 2016) once moulting had ceased; trials could not be conducted in the 
breeding season due to time constraints. Fledglings were included only in the main vocal 
study when they vocalised; they were otherwise observed for anti-predator responses but not 
included in any other analysis. I used a Linear Discriminant Analysis (LDA) for each level of 
analysis to determine if the acoustic characteristics could be used to discriminate between the 
predator classes. A Multivariate Analysis of Variance (MANOVA) was then used to compare 
the variance and significance of call characteristics between predator classes, and between 
predator species within each class (rat versus stoat, and morepork versus falcon). 
Additionally, the call characteristics between two segments of the trial (Exposed Time—
during which the model was exposed, and Elapsed Time—the time after model was re-
covered) were compared for each of the stimuli using Student‘s t-tests (refer to Chapter 2 for 
more details). The variables measured are defined as follows:  
(i) Call Rate (syllables per second): the number of syllables called per second in the total time 
period and for each segment; 
(ii) Call Start (seconds): the time taken to begin alarm calling after viewing the stimulus; 
(iii) Maximum Frequency (Hz): the frequency of the point at which the highest power (a 
measure of amplitude) is obtained. Measured for each syllable and averaged for each 
segment; 
(iv) Frequency Range (Hz): the difference between the highest and lowest frequency. 
Measured for each syllable and averaged for each segment; 
(v) Syllable Period (seconds): the time period in which one syllable is sounded. Measured for 
each syllable and averaged for each segment; 
(vi) Syllable Interval (seconds): the time period between two sequential syllables. Measured 
for each syllable and averaged for each segment; 
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(vii) Rate of Soft and Simple Chucks (syllables per second): the number of soft chucks and 
simple (single peak) chucks per second elicited in the duration of the segment; 
(viii) Rate of Complex Tones (syllables per second): the number of complex tones (second, 
third and fourth harmonics) per second elicited in the duration of the segment. 
5.3. Results 
5.3.1. Alarm Calls for Mammalian Predators 
I sampled 33 individual SI robins using the rat model (Orokonui n = 21, Silver Peaks n = 6, 
Silverstream n = 6), and 23 individuals with the stoat model (Orokonui n = 9, Silver Peaks n = 
7, Silverstream n = 7). Neither of the mammalian models elicited alarm calls from any of the 
SI robins. I attempted to simulate motion in the mammal models (see Appendix B) but still 
elicited no vocal response.   
5.3.2. Alarm Calls for Avian Predators 
The adult SI robins emitted alarm calls to native avian predators, albeit with a low response 
rate: only 32.25% of sampled robins responded with calls to the morepork model, and 14.7% 
to the falcon model (Table 5.1). The alarm calls were composed of mixed soft and loud 
chucking that matched Hay‘s (1975) and Alspach‘s (1973) descriptions. Soft chucks have 
wavering frequencies averaging ~3 kHz, and are often paired with other calls in agonistic 
situations (Hay 1975) (Figure 5.1a). The loud chucks were individual notes that began slowly, 
rose to a peak, and ended slowly (Figure 5.1b). Loud chucks are long-spaced (averaging about 
3 syllables per second) starting at low frequencies ~5 kHz and building into faster and higher 
frequencies of ~7-8 kHz before decelerating again. The higher frequencies took the form of a 
complex tone with up to four harmonic components, which are accompanying oscillation 
waves with frequencies that are integer multiples to the dominant (or peak) frequency (~5.5 
kHz) (Figures 5.1 c, d, and e). These additional pitches average at 1x, 2x, 3x, and 4x times the 
dominant frequency. Most of the loud chucks in this study did not approach the staccato 
phase. There was a general trend of increasingly complex tonality with time during the 
Exposed Time segment, along with an increase in call rate and a general increase in volume 
(not measured) irrespective of the stimulus used. Specific differences in each segment are 
elaborated on for each stimulus. 
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Only one fledgling in the study gave vocalisations in the presence of an avian model. All 
other fledglings approached the models boldly and showed no apparent anti-predator 
behaviours. 
 
Table 5.1.  A summary of the number of South Island Robins sampled at all three sample 
sites with two avian predator models: a morepork and a NZ falcon. Samp. = Number of birds 
sampled; Voc. = Number of sampled birds that vocalised. Bold indicates the total number of 
birds sampled and total number of sampled birds that vocalised  
Stimulus  
and Site 
Male Female Fledgling Total 
 
Samp. Voc. Samp. Voc Samp. Voc. Samp. Voc. 





      
  
Orokonui 3 0 2 0 2 0 7 0 
Silver Peaks 9 4 5 3 3 1 17 8 
Silverstream 3 1 2 1 2 0 7 2 
       
31 10 
       
  
Falcon 
      
  
Orokonui 6 1 1 0 4 0 11 1 
Silver Peaks 6 3 1 0 6 0 13 3 
Silverstream 6 1 3 0 1 0 10 1 






































































Figure 5.1 (a-e). Components of the South Island Robin alarm call in response to avian 
predators, comprising a mix of soft chucks (a), simple loud chucks (b), and complex loud 
chucks with increasing harmony (c-e). All spectrograms were created on Raven® Pro 64 1.5 
in a Hann Window Type with a 3 dB filter bandwidth of 248 Hz and a DFT size of 256 


























5.3.2.a Alarm Calls for Moreporks 
I sampled 31 SI robins with the morepork model at all three sites, with only ten giving vocal 
responses (Table 5.1). Individuals from Orokonui gave no vocal responses, nor did they 
approach the model setup. In Silver Peaks and Silverstream only three birds approached the 
model setup for a full trial by protocol; the others showed physical and/or vocal anti-predator 
responses from a distance or flew away without return. Seven individuals showed wing-
flicking displays while four displayed prominent crest-raises. Both males and females 
approached and gave vocal responses to the model, although females seemed more wary.  
Out of the ten responsive individuals, one began alarm calling during the Basal Time, before 
the model was exposed (male at SP14, band BFp/YM). Upon exposure to the stimulus, birds 
took an average of a minute to respond to the stimulus (range 23-188.7 seconds). Only four 
out of ten releasers immediately ceased calling after the stimulus was covered. I compared the 
call characteristics between Exposed Time and Elapsed Time among the remaining six 
releasers by running Student‘s t-tests for each characteristic (Table 5.2). While there were no 
significant differences, the general trend was that calls made during the Exposed Time had 
relatively higher call rates, higher frequencies, shorter syllables at a faster rate, and more 













Table 5.2. A comparison of acoustic characteristics of alarm calls made by South Island 
Robins during the Exposed Time and the Elapsed Time segments during a morepork trial (n = 
6).  EX = Exposed Time, EL = Elapsed Time. Bold indicates p < 0.05 
Characteristic Segment Mean SD df t p 
       
Call Rate 
(syllables per second) 
EX 3.106 2.138 
6 1.106 0.311 
EL 2.07 0.832 
Maximum Frequency 
(Hz) 
EX 3668.2 973.1 
6 0.969 0.355 
EL 2973.6 1461.2 
Frequency Range  
(Hz) 
EX 8881.3 3933.1 
6 0.475 0.645 
EL 7560.2 5566.1 
Syllable Period 
(seconds) 
EX 0.033 0.006 
6 -0.034 0.973 
EL 0.033 0.004 
Syllable Interval 
(seconds) 
EX 0.686 0.839 
6 -0.529 0.608 
EL 0.895 0.479 
Rate of Soft and 
Simple Tones (soft-1 
peak) (syllables per 
second) 
EX 0.924 0.562 
6 -0.424 0.681 EL 1.076 0.678 
Rate of Complex 
Tones (2-4 peaks 
(syllables per second) 
EX 2.182 1.758 
6 1.363 0.206 








5.3.2.b.Alarm Calls for Falcons 
I sampled 34 SI robins with the falcon model at all three sites, with only five giving vocal 
responses (Table 5.1). Only one individual from Orokonui gave a vocal response; the others 
did not approach the model setup. At Silver Peaks and Silverstream, only one bird approached 
the model setup for a full trial by protocol; the others showed physical and/or vocal anti-
predator responses from a distance or flew away without return. Eleven birds showed wing-
flicking from a distance, whereas six displayed dramatic chest-puffing, a behaviour not 
previously recorded in SI robins (see Appendix C: Chest-puffing as a possible New Anti-
predator Response to Avian Predators). Only males approached to give alarms calls; females 
refused to approach the trial area or to give alarm calls in response to the stimulus.  
Out of the five responsive individuals, two began alarm calling during the Basal Time, before 
the model was exposed: one was the lone sample from Orokonui (un-banded male at WF13), 
and the other was the same releaser from Silver Peaks (male at SP14, band BFp/YM) that 
gave a similar premature response before the morepork model was exposed. Upon exposure to 
the stimulus, releasers took an average of a minute to respond to the stimulus (range 44-67.6 
seconds). All five releasers continued alarm calling intensely beyond the five-minute trial 
duration even after the stimulus was removed from sight post-trial. I compared the call 
characteristics between Exposed Time and Elapsed Time between the releasers by running 
Student‘s t-tests for each characteristic (Table 5.3). While there were no significant 
differences, the general trend was that calls during the Exposed Time had relatively shorter 










Table 5.3. A comparison of acoustic characteristics of alarm calls made by South Island 
Robins between the Exposed Time and the Elapsed Time segments during a falcon trial (n = 
5).  EX= Exposed Time, EL=Elapsed Time. Bold indicates p < 0.05 
Characteristic Segment Mean SD df t p 
       
Call Rate 
(syllables per second) 
EX 3.592 1.885 
5 -0.252 0.808 
EL 3.878 1.702 
Maximum Frequency 
(Hz) 
EX 4172.3 618.2 
5 0.657 0.53 
EL 3971.8 287.9 
Frequency Range  
(Hz) 
EX 10220.9 3598 
5 0.507 0.626 
EL 9215.6 2590 
Syllable Period 
(seconds) 
EX 0.028 0.007 
5 -0.426 0.681 
EL 0.029 0.004 
Syllable Interval 
(seconds) 
EX 0.362 0.209 
5 -0.019 0.985 
EL 0.365 0.304 
Rate of Soft and 
Simple Tones (soft-1 
peak)  
(syllables per second) 
EX 1.557 1.901 
5 0.21 0.84 EL 1.338 1.358 
Rate of Complex 
Tones (2-4 peaks) 
(syllables per second) 
EX 2.035 0.602 
5 -0.802 0.453 









5.3.3. Distinguishing between Calls: LDA Results 
The LDA model for Exposed Time showed that the SI robins could discriminate between the 
morepork and the falcon model (Figure 5.2). All of the original predator categories were 
correctly predicted by the discriminant function based on the acoustic characteristics of each 
call. The LDA model for Elapsed Time showed that the releasers could discriminate between 
the morepork and the falcon (Figure 5.3). Most (81.81%) of the original classes were correctly 
predicted by the discriminant function based on the acoustic characteristics of each call. 
 
 
Figure 5.2. A histogram with overlaying density plots of a Linear Discriminant Analysis 
(LDA) standardising the separation between moreporks (n = 10) and falcons (n = 5) based on 





Figure 5.3. A histogram with overlaying density plots of a Linear Discriminant Analysis 
(LDA) standardising the separation between moreporks (n = 6) and falcons (n = 5) based on 
the vocal characteristics of alarm calls given by South Island Robins in the Elapsed Time 
segment 
 
5.3.4. Distinguishing between Calls: MANOVA Results 
The low number of vocal samples had insufficient degrees of freedom to create an absolute 
MANOVA for all the characteristics. I therefore ran a MANOVA to differentiate between full 
call characteristics, and two other MANOVAs to compare characteristics in Exposed Time 
and Elapsed Time segments separately. The MANOVA for Exposed Time included all 15 
vocal samples; only the individuals that continued alarm calling after the stimulus was 
covered were considered for the MANOVA for Elapsed Time. The majority of my variables 
benefited from log-transformations, so I log-transformed all my variables before analysis. The 
results of all three MANOVAs are summarised in Table 5.4. A summary of the univariate 
effects of the MANOVA, run through separate ANOVAs for each characteristic, are listed in 
Table 5.5.  
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Table 5.4. The results of three MANOVAs comparing the acoustic characteristics of South 
Island Robin alarm calls towards morepork (n = 10) and falcon (n = 5) models.  Bold 
indicates p < 0.05 or Eta-sq > 0.5 
Segment Pillai-trace F p Partial Eta-sq 
     
Full Call 0.238 1.144 0.374 0.238 
Exposed Time 0.863 6.301 0.013 0.863 
Elapsed Time 0.604 0.654 0.711 0.604 
 
 
The effect of predator type on the Exposed Time segment was found to be significant (p = 
0.013), with a strong effect size (Partial Eta-sq = 0.863; Table 5.4). All the call characteristics 
exhibited during the Exposed Time segment contributed in almost equally weak effects to the 
overall effect size (Table 5.5). The effect of predator type on the Elapsed Time was not 
significant (p = 0.711) but had a strong effect size (Partial Eta-sq = 0.621; Table 5.4). Before 
adjustment with the Bonferroni Correction, the most significant effect in Elapsed Time was 
the Syllable Period (p = 0.03) with a low effect size (Partial eta-sq = 0.234; Table 5.5). The 
Complex Tone Rate had a low effect size but approached a near-significant value pre-
adjustment (Partial eta-sq = 0.339, p = 0.06; Table 5.5). Post-adjustment with the Bonferroni 
Correction, however, there were no significant effects for the Elapsed Time segment. The 
Syllable Interval had the strongest effect but showed no significant variation (Partial eta-sq = 
0.426; p = 0.924; Table 5.5).Apart from Frequency Range and Rate of Soft and Simple Tones, 










Table 5.5.A summary of the univariate effects of the three MANOVAs comparing the acoustic 
characteristics of South Island Robin alarm calls towards morepork (Full Call and Exposed 
Time n = 10; Elapsed Time n =6) and falcon (n = 5) models. Bold indicates p < 0.05 or 
Partial Eta-sq > 0.5 
Segment Variable Mean 
Sq 





       
Full Call Call Rate 0.702 2.509 0.137 0.411 0.162 
Call Start 4.011 1.363 0.264 0.792 0.095 
Syllable Interval 0.859 2.701 0.124 0.372 0.172 
Exposed 
Time 
Call Rate 0.673 1.245 0.285 1 0.087 
Max.Freq. 0.39 2.976 0.108 0.756 0.186 
Freq. Range 0.536 1.933 0.188 1 0.129 
Syllable Period 0.681 1.217 0.29 1 0.122 
Syllable Interval 0.077 1.850 0.202 1 0.086 
Rate of Soft and 
Simple Tones 
0.003 0.014 0.908 1 0.001 
Rate of Complex 
Tones  
0.405 1.539 0.237 1 0.106 
Elapsed 
Time 
Call Rate 0.883 3.148 0.11 0.77 0.259 
Max. Freq. 0.387 3.385 0.099 0.693 0.273 
Freq. Range 0.328 1.266 0.29 1 0.043 
Syllable Period 2.498 6.673 0.03 0.21 0.234 
Syllable Interval 0.041 2.743 0.132 0.924 0.426 
Rate of Soft and 
Simple Tones 
0.01 0.053 0.825 1 0.006 
Rate of Complex 
Tones 






Table 5.6. A comparison of acoustic characteristics between South Island Robin alarm calls 











Rate of Complex 
Tones 
(syllables/sec) 
  Mean Mean SD Mean SD Mean 
        
SP14 
Morepork 2.733 0.034 0.006 0.377 0.563 0.8 
Falcon 3.953 0.02 0.004 0.254 0.893 2.538 
SP13 
Morepork  6.3347 0.033 0.007 0.158 0.134 5.141 
Falcon 3.7789 0.026 0.005 0.266 0.495 2.486 
 
5.4. Discussion 
My results show a clear distinction in the type of anti-predator behaviour displayed towards 
avian (morepork and falcon) and mammalian predators (rat and stoat). The few SI robins that 
responded to avian models did so with strong vocalisations and very little posturing, whereas 
responses to mammalian models incorporated the full spectrum of posturing (described in the 
Methods and discussed in Chapter 3) but no vocalisations. This dissimilarity may be 
attributed to the effect of time on the evolutionary development of anti-predator behaviour 
towards each type of predator. Co-evolution with native avian predators over thousands of 
years may have resulted in hard-wired traits for avian predator recognition and any associated 
anti-predator behaviour in the SI robin‘s behavioural repertoire (Blumstein 2006; Strauss, 
Lau, and Carroll 2006). Alarm calling is the highest degree of physically-disengaged anti-
predator response (Jamieson and Ludwig 2012); it is logical for elevated anti-predator 
responses to be assigned to evolutionarily established threats such as the morepork and falcon. 
Consequently, lower degrees of anti-predator response, such as posturing, may have 
developed as experience-dependent traits for newer threats, in this case introduced 
mammalian predators (Blumstein 2006).  
Other studies on SI robins have reported alarm calls in response to models of predatory 
mammals. Alspach (1973) noticed SI robins giving staccato monotone alarm calls while 
mobbing a stoat, and Maloney reported alarm calling in response to stoat models (Maloney, 
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pers. comm.). The distinguishing factor between these observations and my results is predator 
proximity. Maloney (1991) simulated nest predation by raising his stimulus up to nest level 
and stationing it within 1-1.5 m of the nest, whereas my mammalian models were placed on 
the ground close to the nesting tree. As nest predation is more commonly recorded in SI 
robins (Flack 1973), it is possible that the SI robins in my study assessed the on-ground stoat 
as a low-level risk event and did not produce alarm calls. As mentioned previously in Chapter 
3, it was unfeasible for me to replicate Maloney‘s (1991) methodology at my study sites. 
However, our differences in model presentation suggest that alarm calls in SI robins may be 
urgency-based, depending on the predator proximity (Kleindorfer, Fessl, and Hoi 2005).  
A functional reference could be present at the species level. Releasers discriminated between 
morepork and falcon by using acoustic characteristics of the alarm calls during the Exposed 
Time, when the releasers had a full view of the model predator (Figure 5.2). Slight increases 
in complex tonality, calling rate, maximum frequency, frequency range, and use of complex 
tones collectively differentiated calls in response to the falcon model from those to the 
morepork model, but no significant distinguishing singular factors could be discerned. During 
the Elapsed Time the stimulus was covered, and I presumed that, with the disappearance of 
the threat, the SI robins would gradually decrease the intensity of their anti-predator 
responses. Alarm calling in the Elapsed Time segment may be an indicator of threat level, 
showing how call duration and strength might be sustained even in the visual absence of the 
stimulus. All the alarm calls for falcons exceeded the five-minute trial time, and six out of ten 
morepork trials exceeded the trial time, and the call characteristics during the Exposed Time 
were mostly sustained through the Elapsed Time irrespective of the predator type (Tables 5.2 
and 5.3). Increase in song length and shortening of syllable periods and intervals are expected 
under threatening conditions (Becker 2012). Significantly lower syllable periods in calls 
towards falcons coupled with longer call durations suggest that the releasers in this study 
judged falcons to be more formidable threats than moreporks on average. 
Call duration may be additionally dependent on personal experience, although no research 
exists to substantiate this as natural predation events are rarely witnessed. The response 
pattern of a male releaser at Silver Peaks (BFp/YM at SP14) might indicate prior experience 
with avian predators: it was the only releaser that began alarm calling during the Basal Time 
(when the model was set up but still covered) for both models, but sustained it beyond the 
Elapsed Time for only the falcon model. This robin showed a higher call rate, lower syllable 
period and duration and more complex tones for falcons than for morepork. However, a 
neighbouring male robin (un-banded at SP13) showed higher maximum frequency, call rates, 
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and number of complex tones for morepork than falcon (Table 5.6). In fact, this was the only 
releaser in the study with a call that approached the staccato level (> 6 syllables per second). 
As staccatos are associated with severely threatening events, it is possible that the call rate 
may be more urgency-based than functionally referential, though this would not influence any 
referential elements of the call (Becker 2012).  
The difference in tonality in calls directed at morepork and falcon models (Figure 5.3) could 
possibly indicate a referential element in the alarm calls (Manser, Seyfarth, and Cheney 
2002). Complex tonality implies an attempt at long-range communication, as the increased 
power in a single tone increases the signal/noise ratio of the receiver (Becker 2012): this 
benefits both the urgency-based and functionally referential elements of a call. Additionally, 
functionally referential tones encode information through various systems of frequency 
modulation. The use of successive tones of different frequencies in this study could therefore 
encode species-specific information (Becker 2012). Variable tonality within a call indicates a 
motivation to communicate extrinsic information to conspecifics (Emlen 1972). However, 
investigating the patterns of variable tonality is beyond the scope of this study. Tonal 
specificity can be best determined with a larger sample size and better acoustic tests (using 
spectrogram cross-correlation and other bioacoustic tests, see Baker and Logue (2003)) to 
confirm the functional reference in alarm calls.  
The fact that 77% of all the sampled birds did not approach the trial site or show any anti-
predator behaviour towards the avian models is intriguing (Table 5.1). The same birds 
approached mammalian models and displayed anti-predator responses in the non-breeding 
season (see Chapter 4 for discussion), so their differential treatment of avian predator models 
warrants some explanation. Firstly, differences in predator hunting tactics might have led to 
different anti-predator behaviour in the non-breeding season. Faced with mammalian 
predators, the SI robins can easily fly away and therefore deem themselves to be at a lower 
risk. The scenario changes with avian predators that can easily give chase to fleeing prey, 
calling for more cautious and risk-averse behaviours on the part of the SI robin (Armstrong 
1954; Caro 2005, p112). This is perhaps why some studies show that distraction (or deimatic) 
behaviours are mostly preserved for terrestrial predators (Armstrong 1954) and active 
avoidance is practiced towards avian predators (Alatalo and Helle 1990; Evans, Evans, and 
Marler 1993; Kullberg and Lind 2002). Some of the SI robins showed chest-puffing 
behaviours towards the falcon models, which have not been observed previously. This could 




17 out of the 18 SI robins sampled at Orokonui displayed avoidance behaviour and did not 
vocalise, whereas relatively more birds vocalised at Silver Peaks and Silverstream (Table 5.1).  
This disproportion could be explained by the difference in predation pressure between the two 
sites, under the multipredator environment hypothesis (Sih, Englund, and Wooster 1998). The 
development of predator-specific responses is driven by two factors: the presence of diverse 
predator classes with different hunting tactics (Caro 2005, p448; Kirchhof and 
Hammerschmidt 2006), and high predation pressure (Sih, Englund, and Wooster 1998). 
Orokonui houses only one predator class (native avian) of unknown abundance, so it is 
possible that the motivation to develop specific anti-predator responses towards avian 
predators might be low. Instead, the SI robins might choose to shift activity time budgets 
(Krupa and Sih 1998), increase vigilance (Smythe 1977; Lima 1992), or to use non-specific 
alarm calls (Marler 1957) for any threats in the vicinity (Sih, Englund, and Wooster 1998). 
Silver Peaks and Silverstream on the other hand, house two classes of predators, and the 
predation pressure of at least the mammalian predators is known to be high (Jones 2016). In 
such an environment, predator-specific responses would be selected for, therefore more SI 
robins would display specific vocalisations towards avian predators (Sih, Englund, and 
Wooster 1998).   
That SI robins in the same region show conflicting behaviours—avoidance (low-risk) and 
alarm calling (high risk)—towards the same predator may seem peculiar, but this pattern has 
also been observed in studies of other passerines. Shedd (1982) observed this dichotomous 
behaviour in American Robins (Turdus migratorius) towards a mounted model of a screech 
owl (Otus asio) in the non-breeding season. When displaying a ―silent approach‖, the robin 
would locate a predator, observe it without vocalising and fly away from the vicinity. In the 
―vocal approach‖, the robin would give alarm calls from a distance and show very few (if 
any) visual displays (Shedd 1982; Martin 1995). The form of these approaches matches the 
behaviour displayed by the SI robins towards avian predators in this study. Individual 
experience is thought to play a role in the choice of either behaviour: the silent approach 
avoids detection while the vocal approach discourages predators from further hunting (Martin 
1995; Martin, Scott, and Menge 2000). Another reason for disproportionate behaviour could 
be the predator model presentation: as with the mammalian models, it is possible that avian 
models placed close to the ground and away from the nest could elicit lesser to no active anti-
predator responses from the SI robins. Studies that replicated Maloney‘s (1991) model 
presentation at the nest with morepork elicited anti-predator behaviours and possibly alarm 
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calls in response (Whitwell et al. 2012), in which case robin alarm calls for avian predators, 
too, may be urgency-based.   
In this study, only one fledgling out of 18 sampled gave vocal responses to the avian models. 
The other 17 individuals showed neither recognition nor anti-predator behaviours towards the 
models. In most cases, juveniles require communication from the adults or active learning to 
produce appropriate anti-predator responses (Janik and Slater 2000; Kullberg and Lind 2002; 
Hollén and Radford 2009), even if to enhance any innate anti-predator behaviours already 
present (Tulley and Huntingford 2010). SI robin juveniles clearly do not exhibit any innate 
anti-predator behaviour and would only develop behaviours through various mechanistic and 
cultural processes (reviewed in Hollén and Radford (2009)). Both parents of the lone 
responsive fledgling (identified as O/FpM from SP03 at Silver Peaks) had shown vocal 
responses to the morepork stimulus, therefore it is likely that the fledgling‘s enhanced vocal 
response was culturally transmitted through its parents. 
I assumed that the behaviours displayed towards predator models would be similar to those 
displayed towards live predators. Other studies found no differences between alarm calls 
given to taxidermy models and those given to live predators (Ausmus and Clarke 2014). Due 
to time constraints during the breeding season, trials with avian models were conducted in the 
non-breeding season and did not include a control. Seasonal variation in anti-predator 
behaviour (see Chapter 4 for discussion), avoidance of avian predators in the non-breeding 
season (Shedd 1982), and selection-based non-response behaviours outside of breeding 
seasons (Smith 1965) collectively restricted the sample size of this study to only 15 
responsive individuals. Due to these limitations, my study lacks sufficient power to detect 
many significant effects that may clarify the nature of SI robin alarm-calling behaviour. 
Additionally, it was beyond my scope to accurately measure the power and amplitude of the 
vocalisations due to a lack of specialised equipment (oscilloscopes and calibrated attenuators 
to measure amplitude and produce suitable signal/noise ratios) and due to weather constraints 
during the winter season. The ideal experimental design would involve collecting samples in 
the summer breeding season, which would supply a bigger sample size with stronger 
vocalisations and more measurable acoustic variables. One might even expect posturing 
towards avian predators during the breeding season (Whitwell et al. 2012). Subsequent 
analysis of this more robust dataset would test functionally referential vocalisations in SI 
robins as well as give scope to research call variation between sexes (Bretagnolle and 
Genevois 1997) and sites (Krebs and Kroodsma 1980). 
70 
 
Alarm calling behaviour has three facets of communication: call production and delivery, call 
usage by context, and call response by receivers (Hollén and Radford 2009). Hay (1975) 
assessed call production by describing the alarm calls of SI robins. In this chapter I attempted 
to place predator-specific contexts to their alarm calls, namely predator class (by 
differentiating between terrestrial and avian predators) and species (between morepork and 
falcon). While my study suggests that SI robin alarm calls may have both urgency-based and 
functionally referential qualities, further research is needed to confirm contextual-calling in 
this species. Evans (1997) set up a framework by which functional reference in a signal must 
be demonstrated; i.e., by production specificity to a particular referent (stimulus) and by 
perception specificity to gauge the response of conspecifics to the same signal in the absence 
of the stimulus (through playback calls). Further experimentation with different model 
presentations (ground versus nest approach) in the breeding season will confirm production 
specificity in the alarm calls. Studying the response of receivers (both adult and juvenile) to 
alarm calls will test the perception specificity requirement to support the functional reference 
of SI robin alarm calls (Evans 1997), and give credible confirmation that SI robin alarm calls 




Chapter 6: Adaptive Nest-site Selection by 
South Island Robins (Petroica australis 




Nest-site selection is pivotal in determining a bird‘s survival and reproductive success: nests 
function as reproductive sites while also providing protection from predators and weather, 
assistance in thermoregulation, and access to food (Calder 1973; Holway 1991; Martin 
1993b). Studies suggest that the principal factor influencing the selection of nest-sites is nest 
predation, the primary cause of bird mortality (Martin 1993b). Consensus on which habitat 
features universally provide protection from predators is not possible due to variation in 
predator species, densities and community composition between habitat selection studies 
(Martin and Roper 1988; Filliater, Breitwisch, and Nealen 1994; Badyaev 1995; Caro 2005, 
p70). Instead, research has focused on species-specific biology and habitat preferences to 
identify habitat features correlated with predation pressure and use them to confirm nest-site 
selection (Storch and Frynta 1999; Forstmeier and Weiss 2004; Benson, Brown, and Bednarz 
2010). Such studies hypothesise that selection strategies may change according to 
composition and abundance, not simply presence or absence, of predators (Schmidt 2004). 
Variation in predation risk has been extensively used to explain behavioural plasticity in nest-
site selection (Haemig 1999; Larsen 2000; Pöysä et al. 2001; Forstmeier and Weiss 2004; 
Hunter, Nibbelink, and Cooper 2016), suggesting that birds can assess predator activity and 
abundance before selecting nest sites (Haemig 1999; Larsen 2000; Velando and Marquez 
2002; Schmidt, Ostfeld, and Smyth 2006; Jȩdrzejewska and Jȩdrzejewski 2010). 
Alternatively, previous experience with nest predation may play a role in nest-site selection, 
with birds avoiding unsuccessful sites (Schmidt 2001; Lima 2009) and improving nest 
concealment or predator avoidance by using new sites that offer more protection from 
predators (Marzluff 1988; Forstmeier and Weiss 2004; Lima 2009; Chalfoun and Schmidt 
2012). 
There is reason to believe that SI robins show adaptive behavioural plasticity in nest-site 
selection based on predator presence or abundance. Firstly, accounts of their breeding biology 
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suggest that SI robins prefer habitats with high tree densities and dense forest floor cover, 
features that increase protection from mammalian predators (Flack 1979; Duncan, Webb, and 
Palmeirim 1999; Armstrong et al. 2000). Vegetation structure could be the most important 
factor in habitat selection by robins, but the motivation behind this preference remains 
uncertain (Cody 1987; Michel et al. 2010). Secondly, studies affirm that robins exhibit 
adaptive nest-defence behaviour based on the presence of mammalian predators (Maloney and 
McLean 1995; Whitwell et al. 2012; Jamieson and Ludwig 2012; Moore 2016). It is possible 
that this behavioural plasticity could extend to nest-site selection. Certain features of nesting 
habitats—such as vegetation cover, tree density, and nest heights—reduce the likelihood of 
nest accessibility or discovery by predators. I define and refer to these hereon as protective 
habitat features. Indeed, preferential selection of protective habitat features is essentially a 
non-costly anti-predator behaviour (Martin 1993b) and could exhibit the same degree of 
plasticity as other SI robin anti-predator behaviours.  
This chapter investigates plasticity in nest-site selection by comparing habitat features of SI 
robin nest sites inside mammal-free Orokonui with those in predator-dense Silver Peaks and 
Silverstream. I predict that:  
a) Nest sites offer more protective habitat features than other unused sites in the same habitat. 
Nest-sites may have a unique set of characteristics that discriminate them from random 
control sites in the same habitat. I postulate that the defining characteristics of nest sites are 
their protective habitat features. 
b) Nest sites in mammal-free areas offer fewer protective habitat features than nest-sites in 
predator-dense areas. The absence of mammalian predators and decreased rates of nest 
predation could reprioritise the selection of protective features in nest sites within Orokonui. 
Selecting more open nest sites in mammal-free regions would benefit the SI robin by allowing 
it to reallocate energy otherwise spent in avoiding predators to increased foraging efforts and 
social endeavours. Additionally, being ground-foragers, SI robins are likely to take advantage 
of the lack of mammalian predators by choosing more open spaces to forage in (Powlesland 
1981). Conversely, I anticipate that predator abundance at Silver Peaks and Silverstream 
would compel SI robins to select for more inaccessible and concealed nesting sites to 






I located SI robin nests in the 2015-16 breeding season at Orokonui, Silver Peaks and 
Silverstream, and randomly selected control sites in unused habitats at the three localities to 
compare nest habitat features with those of nest sites (refer to Nest-Site Selection in Chapter 2 
for the full methodology). At each site, I measured parameters that could influence nest 
discovery by predators, including nest concealment, overhead concealment, canopy cover, 
and stratification of vegetation in a 10 x 10 m plot centred on the nest tree or a focal tree at the 
site (see Appendix A for the field form, Chapter 2 for the full methodology, and Table 2.3 for 
the list of parameters, variables, and their importance as protective habitat features). I then 
created four habitat models at two scales of analysis:  
(i) Between-locations analysis, with one model to compare habitat features of nest sites at 
Orokonui, Silver Peaks and Silverstream;  
(ii) Within-location analysis, with one model per site, to compare habitat features of control 
sites and nest sites at Orokonui, Silver Peaks, and Silverstream separately. 
I ran collinearity plots to check if any variables were correlated and correspondingly adjusted 
the number of predictors in the analysis. In this study, the 15 measured parameters were 
filtered using preliminary correlation tests: one variable from every correlated pair was 
excluded from the final analysis, leaving 12 variables that were considered for model 
selection. To avoid fitted probabilities in my models, I further reduced the number of 
variables to 10, as the two variables could be biologically explained by another variable (in 
this case, I excluded vegetation covers at Tier 1 (>12 m) and Tier 2 (5-12 m) (see Appendix 
A) as they could be biologically explained by Canopy Cover, even though they are not 
statistically correlated). After standardising the variables, I subjected them to model selection 
at each scale of analysis using the Akaike Information Criterion (AIC), by model-averaging 
over a subset of models with ΔAICc values < 2. Based on the results of model-averaging and 
the strength of the variable coefficients, I selected variables that I deemed statistically and 
biologically appropriate for each analysis. The suitable variables were then used in a 
Generalised Linear Model (GLM) to quantify the differences between nest and control sites, 
with site type (nest/control) as a fixed factor. The relative variation between all the habitat 






I characterised a total of 90 sites across all three locations, comprising 43 nest sites (Orokonui 
n = 10, Silver Peaks n = 16, Silverstream n = 17) and 47 control sites (Orokonui n = 9, Silver 
Peaks n = 18, Silverstream n = 20).  
6.3.1. Comparison of Nest Sites between Orokonui, Silver Peaks, and Silverstream 
Model comparison and averaging produced the optimum model comprising of a single 
variable, Snags Cover (Table 6.1.a). Other models with ΔAICc<2comprised combinations of 
seven variables (Table 6.1.b). The coefficients of all the variables in the top models post 
model-averaging are listed in Table 6.1.c. Based on the results of model-averaging, I chose to 
use Snags Cover (defined as cover provided by dead trees and forest debris), Average Nest 
Cover, and Canopy Cover as variables in the final model. No variables were found to be 
significant (Table 6.1.c). Snags Cover at nest sites was positive indicating that, irrespective of 
the location, snag density was relatively higher at nest sites than at control sites, though this 
was not significant (z = 1.553, p = 0.12; Table 6.1.c). Snag density at nest sites in Silver Peaks 
and Silverstream was found to be lower than that of Orokonui (SP z = -0.611, p = 0.541; SS z 
= -1.405, p = 0.16; Table 6.1.c). Nest concealment and canopy cover across all nest sites were 
comparable to those at control sites, and were comparable between sites as well (Table 6.1.c). 
However, the goodness of fit for this model was low (McFadden‘s pseudo-R
2
 = 0.143), 
therefore the variables I measured do not explain much of the variation between nest sites at 











Table 6.1.a. A summary of the GLM output of model-averaged habitat variables in the 
characterisation of South Island Robin nest sites at Orokonui (n = 10), Silver Peaks (n = 16) 
and Silverstream (n = 17). Bold indicates p < 0.05 
Model Term Estimate SE Z Pr (> | z |) 
     
Snags Cover 0.783 0.538 1.44 0.15 
Canopy Cover -0.119 0.313 0.378 0.706 
Average Nest Cover 0.185 0.393 0.467 0.641 
Tier 3 Cover 0.037 0.187 0.198 0.843 
Number of Trees -0.022 0.144 0.151 0.88 
Trees (Zone 1) -0.020 0.138 0.146 0.884 
Tier 5 Cover 0.022 0.152 0.144 0.885 
Trees (Zone 3)  -0.02 0.142 0.141 0.888 
 
Table 6.1.b. A summary of the models with ΔAICc< 2 the after model dredging in the 
characterisation of South Island Robin nest sites at Orokonui (n = 10), Silver Peaks (n = 16) 
and Silverstream (n = 17) 
Models df logLik ΔAICc Weights 
     
Snags Cover  2 -60.18 0 0.18 
Canopy Cover + Snags Cover  3 -59.33 0.45 0.14 
Average Nest Cover 2 -60.57 0.78 0.12 
Average Nest Cover+ Snags Cover 3 -59.59 0.96 0.11 
Snags Cover + Tier 3 Cover 3 -59.79 1.37 0.09 
Snags Cover + Number of Trees 3 -59.96 1.7 0.08 
Snags Cover + Trees (Zone 1) 3 -59.97 1.74 0.07 
Snags Cover + Tier 5 Cover 3 -59.98 1.75 0.07 
Snags Cover + Trees (Zone 3) 3 -59.99 1.77 0.07 
Average Nest Cover + Canopy Cover +  
Snags Cover 




Table 6.1.c. A summary of the GLM output of model-selected habitat variables to distinguish 
South Island Robin nest sites in Orokonui (n = 19) from those in Silver Peaks (n = 34) and 
Silverstream (n = 37). Bold indicates p < 0.05 
Model Term Coeff. SE 95% CI Z p  
   Lower Upper   
       
Silver Peaks (SP) -8.594 8.705 -25.769 10.55 -0.987 0.323 
Silverstream (SS) 2.823 7.206 -10.754 20.146 0.392 0.695 
Average Nest Cover 0.01 0.047 -0.088 0.11 0.208 0.835 
Canopy Cover -0.057 0.087 -0.25 0.131 -0.66 0.509 
Snags Cover 5.18 3.335 -0.2 14.097 1.553 0.12 
SP : Average Nest Cover 0.029 0.055 -0.083 0.141 0.534 0.593 
SS: Average Nest Cover -0.017 0.052 -0.124 0.088 -0.327 0.743 
SP : Canopy Cover 0.099 0.096 -0.103 0.306 1.033 0.301 
SS : Canopy Cover 0.031 0.091 -0.165 0.23 0.34 0.734 
SP : Snags Cover -2.255 3.693 -11.557 4.154 -0.611 0.541 
SS : Snags Cover -4.906 3.493 -13.995 0.897 -1.405 0.16 
 
 
The PCA depicting variations between nest sites at Orokonui, Silver Peaks and Silverstream 
is visualised in Table 6.1.d and Figure 6.1. Nest sites at Silver Peaks and Silverstream show 
no overlapping regions, while nest sites at Orokonui show similar nest-site characteristics to 
those at Silver Peaks (Figure 6.1). Half of the measured habitat variables loaded positively on 
PC1: the strongest positive variables represented nest cover, while the strongest negative 
variables represented tree density and upper canopy (Tier 1) cover (Table 6.1.d). The PC1 
axis explains approximately 30% of the variance, accounting for high nest cover, low tree 
density, and low canopy cover (Table 6.1.d; Figure 6.1). The PC2 axis explained 21.75% of 






Table 6.1.d. The output of the Principal Component Analysis (PCA) of South Island Robin 
nest sites in Orokonui (n = 10), Silver Peaks (n = 16) and Silverstream (n = 17), displaying the 
strongest habitat variables and their associated Eigenvectors loaded onto PC1 and PC2 
Model Variable PC1 PC2 
   
Horizontal Nest Cover -0.342 -0.08 
Vertical Nest Cover 0.395 -0.054 
Average Nest Cover -0.075 0.594 
Number of Trees -0.360 -0.017 
Trees (Zone 2) -0.348 -0.031 
Tier 1 Cover -0.344 0.175 
Tier 3 Cover 0.054 -0.426 
Tier 4 Cover 0.012 -0.469 
Tier 5 Cover -0.133 -0.445 
   
 
 
Figure 6.1. Principal Component Analysis (PCA) of habitat features measured in South 
Island Robin nest sites in Orokonui (solid black circle, green polygon) (n = 10), Silver Peaks 
(solid black triangle, blue polygon) (n = 16) and Silverstream (hollow square, pink polygon) 
(n = 17) 
78 
 
6.3.2. Nest-site Selection in Orokonui  
Nests were predominantly low-lying and mostly found either on or close to the ground, in 
forest debris or snag, or in first forks of kānuka trees (Kunzea robusta) and/or gorse bushes 
(Ulex europaeus).The mean nest height was approximately 1.14 m (range ~ 0–3.9 m, SD = 
1.267) in nest sites and 3.75 m (range ~ 2-7 m, SD = 1.757) in control sites, indicating that 
control site nest-locations were higher than those at nest sites. 
Due to the small sample size at Orokonui (n = 19) and a large number of habitat parameters 
(10), I excluded some variables from the global model to avoid the occurrence of fitted 
probabilities in the model. I therefore chose to subject five variables to model selection: 
Average Nest Cover, Canopy Cover, Nest-to-Tree-Height Ratio, and Snags Cover, as their 
values could biologically compensate for most of the excluded variables (as mentioned 
previously, Canopy Cover could biologically explain Tier 1 and Tier 2 cover densities, even 
though they are not statistically correlated). Model comparison and averaging revealed an 
optimum model with a single variable (Table 6.2.a). Other models with ΔAICc<2 comprised 
combinations with three variables (Table 6.2.a). Based on the results of model averaging, I 
chose to use Snags Cover, Canopy Cover, and Nest-to-Tree-Height Ratio as variables for the 
final model (Table 6.2.b). None of the variables between nest sites and control sites in 
Orokonui were significant, but Snags Cover was strongly positive and approached 
significance, indicating that snag cover at nest sites was higher than at control sites (z = 1.74, 
p = 0.082) (Table 6.2.b; Figure 6.2). The Nest-to-Tree-Height Ratio was strongly negative, 
suggesting that nests were relatively lower and closer to the canopy at nest sites than at 
control sites (Table 6.2.b). The goodness of fit for this model was moderate (McFadden‘s 
pseudo-R
2
 = 0.576), therefore the model explained just over half the variation between nest 









Table 6.2.a. A summary of the models with ΔAICc< 2 the after model dredging in the 
characterisation of South Island Robin nest sites and control sites at Orokonui (n = 19) 
Model df ΔAICc Weights 
    
Snags Cover 2 0 0.48 
Snags Cover + Nest-to-Tree-Height Ratio 3 0.79 0.32 
Canopy Cover + Snags Cover + Nest-to-Tree-Height Ratio 4 1.78 0.2 
 
Table 6.2.b. A summary of the GLM output of model-selected habitat variables to distinguish 
South Island Robin nest sites from control sites in Orokonui (n = 19) 
 
 
Figure 6.2. Variation between snag cover (along with first and third quartile ranges) between 
South Island Robin control sites (n = 9) and nest sites (n =10) in Orokonui 
Model Term Estimate SE 95% CI z Pr (> | z |) 
   Lower Upper   
       
Nest-to-Tree-Height 
Ratio 
-9.394 6.337 -27.681 0.128 -1.482 0.138 
Snags Cover 7.061 4.059 1.824 20.414 1.74 0.082 
Canopy Cover -0.187 0.142 -0.571 0.051 -1.311 0.19 
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Variations in habitat features can be noted in the PCA (Table 6.2.c; Figure 6.2). Eleven of the 
fifteen measured habitat variables loaded positively on PCI: the strongest positive variables 
represented the tree density at the sites, and the strongest negative variables represented Nest 
Cover and Snags Cover (Table 6.2.c). The PC1 axis explains 33.2% of the variance, thus 
accounting for low nest cover, low snag coverage, but high tree density (Table 6.2.c; Figure 
6.2). The PC2 axis explained 19% of the remaining variance, accounting for higher nests on 
the focal tree and high vegetation cover (Table 6.2.c; Figure 6.2).  
 
Table 6.2.c. The output of the Principal Component Analysis (PCA) of South Island Robin 
nest sites and control sites in Orokonui (n = 19), displaying the strongest habitat variables and 
their associated Eigenvectors loaded onto PC1 and PC2 
Model Variable PC1 PC2 
   
Nest-to-Tree Height Ratio 0.078 0.415 
Vertical Nest Cover -0.406 0.079 
Average Nest Cover -0.388 0.121 
Number of Trees 0.332 -0.037 
Trees (Zone 2)  0.347 0.049 
Tier 1 Cover 0.156 -0.312 
Tier 2 Cover -0.016 -0.331 
Tier 3 Cover 0.039 0.465 
Tier 4 Cover 0.168 0.467 
Snags Cover -0.396 0.014 




Figure 6.3. Principal Component Analysis (PCA) of habitat features measured in South 
Island Robin nest sites (solid black circle, green polygon) and control sites (hollow square, 
yellow polygon) in Orokonui (n = 19) 
 
Nest-site Selection in Silver Peaks 
Nests in Silver Peaks were predominantly built in the forks of conifer plantation trees 
(Douglas Fir (Pseudotsuga menziesii)and Monterey Pine (Pinus radiata)), and native kānuka 
and mānuka (Leptospermum scoparium) trees, or found in the canopy. The mean nest height 
at both nesting and control sites in Silver Peaks was approximately 6 m (Nesting Site: range ~ 
1.46-9.58 m, SD = 3.06; Control Site: range ~ 2-10.7 m, SD = 2.675).  
Model comparison and averaging revealed an optimum model with four variables (Table 
6.3.a). Other models with ΔAICc<2comprised combinations of six variables (Table 6.3a). 
Based on the results of model averaging, I chose to use Nest-to-Tree-Height Ratio, Canopy 
Cover, Snags Cover, Tier 3 Cover, Tier 5 Cover, and Number of Trees as variables in the final 
model. The Nest-to-Tree-Height Ratio was strongly positive and significant, indicating that 
nests were located relatively higher on their host trees in nest sites than in control sites (z = 
2.094, p = 0.036) (Table 6.3.b; Figure 6.4). Canopy Cover and Tier 3 Cover were positive and 
approached significance, showing higher canopy cover and vegetation cover between 2 m and 
5 m at nest sites than at control sites (Canopy Cover z = 1.867, p =  0.062; Tier 3 Cover z = 
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1.783, p =  0.075; Table 6.3.b; Figures 6.5 and 6.6). The goodness of fit for this model was 
weak (McFadden‘s pseudo-R
2
 = 0.322), therefore the model did not explain much of the 
variation between nest sites and control sites at Silver Peaks. 
 
Table 6.3.a. A summary of the models with ΔAICc< 2 the after model dredging in the 
characterisation of South Island Robin nest sites and control sites at Silver Peaks (n = 34) 
Model df logLik ΔAICc Weights 
     
Canopy Cover + Snags Cover + Nest-to-Tree-Height 
Ratio + Tier 3 Cover 
5 -16.79 0 0.12 
Nest-to-Tree-Height Ratio + Tier 3 Cover 3 -19.7 0.48 0.1 
Nest-to-Tree-Height Ratio 2 -21 0.67 0.09 
Snags Cover + Nest-to-Tree-Height Ratio + Tier 3 
Cover 
4 -18.55 0.75 0.08 
Canopy Cover + Snags Cover + Nest-to-Tree-Height 
Ratio 
4 -18.64 0.94 0.08 
Snags Cover + Tier 3 Cover 3 -19.97 1.02 0.07 
Canopy Cover + Nest-to-Tree-Height Ratio + Tier 3 
Cover 
4 -18.75 1.15 0.07 
Tier 3 Cover 2 -21.29 1.24 0.06 
Canopy Cover + Nest-to-Tree-Height Ratio  3 -20.1 1.29 0.06 
Tier 3 Cover + Tier 5 Cover 3 -20.21 1.51 0.06 
Canopy Cover + Nest-to-Tree-Height Ratio + Tier 3 
Cover + Tier 5 Cover 
5 -17.56 1.53 0.06 
Nest-to-Tree-Height Ratio + Tier 3 Cover + Tier 5 
Cover 
4 -18.95 1.56 0.06 
Canopy Cover + Nest-to-Tree-Height Ratio 3 -20.27 1.62 0.05 
Snags Cover + Canopy Cover + Nest-to-Tree-Height 
Ratio + Tier 3 Cover + Number of Trees 





Table 6.3.b. A summary of the GLM output of model-selected habitat variables to distinguish 





Figure 6.4. Variation between Nest-to-Tree-Height Ratios (along with first and third quartile 
ranges) between South Island Robin control sites (n = 18) and nest sites n =16) in Silver 
Peaks  
 
Model Term Estimate SE 95% CI z Pr (> | z |) 
   Lower Upper   
       
Canopy Cover 0.126 0.067 0.006 0.28 1.867 0.062 
Nest-to-Tree-Height Ratio 8.905 4.253 1.522 18.845 2.094 0.036 
Snags Cover 2.813 2.146 -1.185 7.524 1.311 0.19 
Tier 3 Cover 0.885 0.496 -0.014 1.993 1.783 0.075 
Tier 5 Cover 0.329 0.456 -0.563 1.296 0.722 0.47 




Figure 6.5. Variation between Tier 3 Cover (along with first and third quartile ranges) 
between control sites (n = 18) and South Island Robin nest sites (n =16) in Silver Peaks  
 
 
Figure 6.6. Variation between Canopy Cover (along with first and third quartile ranges) 
between control sites (n = 18) and South Island Robin nest sites (n =16) in Silver Peaks 
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Variations in habitat features at Silver Peaks can be noted in Table 6.3.c and Figure 6.7. Ten 
of the fifteen measured habitat variables loaded negatively on PCI: the strongest negative 
variables represented the nest height and the ground cover, while the strongest positive 
variable represented canopy cover (Table 6.3.c). The PC1 axis explains approximately 25% of 
the variance, accounting for low nest heights on the focal tree, low ground cover, and high 
canopy cover (Table 6.3.c; Figure 6.7). The PC2 axis explained 18.6% of the remaining 
variance, accounting for high tree density (Table 6.3.c; Figure 6.7). 
 
Table 6.3.c. The output of the Principal Component Analysis (PCA) of South Island Robin 
nest sites and control sites in Silver Peaks (n = 34), displaying the strongest habitat variables 
and their associated Eigenvectors loaded onto PC1 and PC2 
Model Variable PC1 PC2 
   
Nest-to-tree Height Ratio -0.342 -0.08 
Canopy Cover 0.395 -0.054 
Number of Trees -0.075 0.594 
Trees (Zone 1)  -0.075 0.467 
Trees (Zone 2) 0.007 0.529 
Tier 1 Cover 0.304 -0.081 
Tier 2 Cover 0.346 0.064 
Tier 4 Cover -0.377 0.140 
Tier 5 Cover -0.303 -0.09 





Figure 6.7. Principal Component Analysis (PCA) of habitat features measured in South 
Island Robin nest sites (solid black circle, green polygon) and control sites (hollow square, 
yellow polygon) in Silver Peaks (n = 34)  
 
6.3.4. Nest-site Selection in Silverstream  
SI robin nests at Silverstream were predominantly built in the first forks of native kānuka or 
tārātā (lemonwood) (Pittosporum eugenioides) trees with healthy epiphyte growth upon their 
trunks. General observations on the nest location showed that most nests were exposed, with 
only primary branches or trunks offering nest cover and protection. The mean nest height at 
nesting sites in Silverstream was approximately 5.7 m (range ~1.0-13.14 m, SD = 3.733) 
while those at control sites averaged 6.2 m (range ~ 2-10 m, SD = 2.59).   
Model comparison and averaging revealed an optimum model with three variables (Table 
6.4.a). Other models with ΔAICc<2comprised combinations of seven variables (Table 6.4.a). 
Based on the results of model averaging, I chose to use Trees (Zone 1), Tier 3 Cover, Tier 4 
Cover, Tier 5 Cover, and Canopy Cover as variables in the final model. While none of the 
variables were significant, Tier 4 Cover was strongly negative and approached significance (z 
= -1.911, p = 0.056), indicating lower vegetation cover between 30 cm and 2 m at nest sites 
than at control sites (Table 6.4.b; Figure 6.8). Tree density in Zone 1 (within 2.5 m of nest 
tree) was relatively lower and Tier 5 Cover (< 30 cm) was relatively higher at nest sites, 
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though both variations are not significant (Table 6.4.b). The goodness of fit for this model 
was weak (McFadden‘s pseudo-R
2
 = 0.281), therefore the model explained only a small 
proportion of the variation between nest sites and control sites at Silverstream.  
 
Table 6.4.a. A summary of the models with ΔAICc< 2 the after model dredging in the 
characterisation of South Island Robin nest sites and control sites at Silverstream (n = 37) 
 
 
Model df logLik ΔAICc Weights 
     
(Null) 1 -25.52 0 0.08 
Trees (Zone 1) + Tier 4 Cover + Tier 5 Cover 4 -21.97 0.02 0.08 
Tier 4 Cover 2 -24.54 0.27 0.07 
Trees (Zone 1) + Tier 4 Cover 3 -23.36 0.29 0.07 
Trees (Zone 1) 2 -24.57 0.32 0.07 
Tier 4 Cover + Tier 5 Cover 3 -23.44 0.45 0.07 
Tier 3 Cover 2 -24.73 0.64 0.06 
Trees (Zone 1) + Tier 3 Cover 3 -23.72 1 0.05 
Canopy Cover +  Tier 4 Cover + Tier 5 Cover 4 -22.6 1.29 0.04 
Canopy Cover +  Tier 4 Cover 3 -23.89 1.35 0.04 
Tier 3 Cover + Tier 4 Cover 3 -23.91 1.38 0.04 
Tier 4 Cover + Tier 5 Cover + Number of Trees 4 -22.66 1.41 0.04 
Trees (Zone 1) + Tier 3 Cover + Tier 4 Cover + 
Tier 5 Cover 
5 -21.33 1.43 0.04 
Canopy Cover 2 -25.13 1.45 0.04 
Trees (Zone 1) + Tier 3 Cover + Tier 4 Cover 4 -22.7 1.49 0.03 
Tier 3 Cover + Tier 4 Cover + Tier 5 Cover 4 -22.82 1.73 0.03 
Number of Trees 2 -25.3 1.79 0.03 
Canopy Cover + Trees (Zone 1) + Tier 4 Cover + 
Tier 5 Cover 
5 -21.52 1.82 0.03 
Tier 5 Cover 2 -25.38 1.96 0.03 
Trees (Zone 3) 2 -25.39 1.96 0.03 
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Table 6.4.b. A summary of the GLM output of model-selected habitat variables to distinguish 
South Island Robin nest sites from control sites in Silverstream (n = 37). Bold indicates p < 
0.05 
Model Term Estimate SE 95% CI Z Pr (> | z |) 
   Lower Upper   
       
Trees (Zone 1) -1.18 0.793 -2.895 0.331 -1.487 0.137 
Tier 3 Cover -0.503 0.553 -1.642 0.569 -0.91 0.363 
Tier 4 Cover -1.382 0.723 -3.036 -0.118 -1.911 0.056 
Tier 5 Cover 0.983 0.621 -0.134 2.372 1.583 0.113 




Figure 6.8. Variation in Tier 4 vegetation cover (along with first and third quartile ranges) 





Variations in the habitat features at Silverstream can be noted in Table 6.4c and Figure 6.9. 
Thirteen of the fifteen measured habitat variables loaded negatively on PCI: the strongest 
negative variables represented the tree density (Table 6.4.c). The PC1 axis explains 22.4% of 
the observed variation, accounting for low tree density (Table 6.4.c; Figure 6.9). The PC2 axis 
explained approximately 20% of the remaining variance, accounting for high nest cover 
(Table 6.4.c; Figure 6.9). 
 
Table 6.4.c. The output of the Principal Component Analysis (PCA) of South Island Robin 
nest sites and control sites in Silverstream (n = 37), displaying the strongest habitat variables 
and their associated Eigenvectors loaded onto PC1 and PC2 
Model Variable PC1 PC2 
   
Horizontal Nest Cover -0.046 -0.483 
Vertical Nest Cover -0.201 0.44 
Average Nest Cover -0.148 0.522 
Number of Trees -0.484 -0.072 
Trees (Zone 2)  -0.417 -0.079 






Figure 6.9. Principal Component Analysis (PCA) of habitat features measured in South 
Island Robin nest sites (solid black circle, green polygon) and control sites (hollow square, 
yellow polygon) in Silverstream (n = 37) 
 
6.4. Discussion 
Predation risk assessment can influence the selection of nest location, nest concealment, and 
microhabitat structure of a nest site (Götmark et al. 1995; Amat and Masero 2004; Ellis-
Felege et al. 2012), and variation in these parameters in this study indicate that nest-site 
selection exhibits some behavioural adaptation based on the predation pressure. This study did 
not reach any firm conclusion on specific protective habitat features that SI robins select for in 
nest sites, mostly due to the differences in habitat and vegetation structure and complexity at 
the three locations. No significant differences were found between protective habitat features 
at nest sites in Orokonui, Silver Peaks, and Silverstream. However, the PCA (Figure 6.1) 
shows a clear distinction of nest sites at Silverstream from those at Orokonui and Silver Peaks 
based on tree density and nest cover, though these were not deemed statistically important by 
the dredge function. It may be possible that I did not measure parameters that the SI robins 
consider important during nest-site selection, or chose to compare too many habitat variables 




Nesting patterns within regions suggest that SI robins may select for some protective habitat 
features when choosing nest sites, and that this preference may be primarily driven by the 
presence or absence of predators in that location. At mammal-free Orokonui, there were no 
significant differences between the presumed protective features of control sites and nest sites, 
implying that such features did not particularly lend to nest protection from predators or that 
they were not a priority for nest-site selection. The SI robins may have assessed Orokonui‘s 
low predation risk and the absence of mammalian predators, and accordingly relaxed selection 
for protective features in their nest sites. The presence of low-lying nests is additional 
evidence that SI robins did not anticipate any threat from the ground. Other habitat trends 
between nest and control sites (visualised as a PCA in Figure 6.1) show a sharp distinction in 
sites based on nest cover and tree density, but these were deemed statistically insignificant by 
the dredge function. These trends, however, may validate the premise that SI robins were 
nesting with no fear of mammalian predators. SI robins are known to avoid habitats with low 
tree densities and open forest floors, (Flack 1979; Duncan, Webb, and Palmeirim 1999), but 
nest sites in Orokonui are in sites with lower tree densities and lesser vegetation cover below 
5 m than the control sites. Their deviance from the norm affirms that their selection strategy 
could change in a mammalian predator-free environment.  
 
The average nest height at Silver Peaks was much higher than that at Orokonui or 
Silverstream, mainly because most of Silver Peak‘s nest trees (exotic conifers like Douglas 
firs and Monterey pines) were naturally taller than native trees at the other sites and had 
higher primary forks (Schadewinkel et al. 2014). However, the nest height and Nest-to-Tree-
Height Ratio were higher at nest sites than at control sites at Silver Peaks. Building higher 
nests is a mammalian-predator avoidance tactic to reduce the nest‘s accessibility (Stauffer and 
Best 1980; Slagsvold 1982; Martin 1993b; Lima 2009). High snag density and Tier 3 (2-5 m) 
coverage could also decrease visibility from the ground (Kilgo et al. 1996; Holway 1991; 
Hollander et al. 2015), therefore a combination of higher nests and concealment from the 
ground could be the SI robins‘ response to high predation stress at Silver Peaks. 
 
Nests at Silverstream were, on average, situated higher than nests at Orokonui, but no other 
habitat feature at Silverstream‘s nest sites seemed to offer adequate protection from predators. 
Vegetation cover and tree densities were lower in nest sites than in control sites, and the nest 
cover was significantly lower than the nest cover at Orokonui. One unique observation at 
Silverstream‘s nest sites was healthy epiphyte growth on the nest trees: robins often use 
epiphytes on trunks and branches to camouflage their nests (Powlesland, Knegtmans, and 
92 
 
Marshall 2000) and Silverstream‘s robins may have selected for epiphyte cover to compensate 
for nest cover. Nest exposure, through lack of immediate nest cover and low density of Tier 4 
(2-5 m) vegetation, may be the contributing factor to high predation rates at Silverstream 
(Holway 1991; Hollander et al. 2015), but why SI robins would choose exposed nesting sites 
in a predator-dense region requires further investigation.  
 
One theory that rationalises the selection of exposed nesting sites pertains to nesting tactics. 
Predator avoidance and protection can be achieved by two strategies: crypsis by increased 
nest camouflage and concealment, and predator detection, involving increased visibility for 
adults to allow early detection of and escape from predators (Götmark et al. 1995; Cousin 
2004; Gómez-Serrano and López-López 2014; Troscianko et al. 2016). A bird‘s chosen 
strategy would depend on the trade-off between nest predation and predation of self (Götmark 
et al. 1995; Gómez-Serrano and López-López 2014; Troscianko et al. 2016). Based on the 
patterns of nest site selection observed in this study, and considering the deimatic nature of SI 
robin anti-predator behaviour, site-selection strategies appear to be more cryptic. But this 
conclusion is not certain, as the trade off between nest and adult survival can vary with 
predation pressure, population history, and previous clutch success (Gómez-Serrano and 
López-López 2014). It is possible that Silverstream‘s robins have changed their nesting 
strategy to optimise their nest sites as vantage points from which to spot predators (Amat and 
Masero 2004; Cousin 2004; Cousin 2009). Recent research records high rates of adult 
survival but lower rates of nesting success at Silverstream (Jones 2016): this observation 
supports the detection strategy, with adults risking nest predation to avoid predation of self.  
 
A limiting factor unique to this study was ongoing logging activities at Silverstream, close to 
SI robin territories. The robin population was originally distributed  between conifer 
plantations and native forests (Webb and Duncan 1998, p48–49; Borkin et al. 2007). Surveys 
in Silverstream by the Ornithological Society of New Zealand (Otago) reported that more SI 
robins were present in plantation plots than in other forest types, including native forests 
(Clout and Gaze 1984; Ornithological Society of New Zealand (Otago Region) 1994; Webb 
and Duncan 1998, p48–49; Duncan, Webb, and Palmeirim 1999; Borkin et al. 2007). Almost 
all plantation groves of Douglas fir and Monterey pine had been removed prior to or during 
the study period, a process that may have severely limited the immediate availability of 
suitable nesting sites in that breeding season. Robins may prefer exotic plantations over native 
forests because the plantations sustain lower densities of mammalian predators (King et al. 
1996; Borkin et al. 2007; Schadewinkel et al. 2014). If this was the case, high nest predation 
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in Silverstream may be due to limitation of nest sites in their preferred plantation habitats 
(Badyaev 1995). Interestingly, Silver Peaks also contains some tracts of native forest: the fact 
that SI robins still choose to nest in exotic plantations suggests predation avoidance is a 
primary factor in nest-site selection. 
 
The preference for exotic plantations is likely to be independent of food availability as 
invertebrate abundance in plantations and native forests are similar (Borkin et al. 2007; 
Pawson et al. 2008; Pawson, Brockerhoff, and Didham 2009). Energy requirements at nest 
sites may be instead met by selecting for high snag density. Considering the SI robin‘s 
insectivorous diet and ground-foraging habits, forest debris such as snags would be ideal 
substrates for annelids, insects, and beetles (Paul and McKenzie 1975; Powlesland 1981). It is 
difficult to classify the selection for snags as either a protective or sustaining factor, or both, 
mostly due to the robins‘ changing food requirements with their growth (Innes et al. 2010). 
Robins at Marlborough Sounds, for example, are affected by food availability even after 
controlling for predation and migration (Powlesland 1981). Studying nest-site selection under 
varied pressures of food availability and predation risk would throw light on the possible co-
selection of habitat features to suit multiple requirements during nest-site selection (Collier, 
Moralee, and Wakelin 1993; Innes et al. 2010).  
The variation in nest concealment between sites at Silver Peaks and Silverstream raises 
questions about the relevance of this feature in providing protection. Brown (1997) found that 
exposed and concealed robin nests were equally susceptible to mammalian predation, and 
characterised nest concealment as an avoidance strategy against avian predators. In this 
context, perhaps all instances of nest concealment in this study lend more protection from 
raptors than mammals: mammals hunt by scent more than sight (Barnett 1975; Holdaway 
1989; Daugherty, Gibbs, and Hitchmough 1993) so nest concealment may not be a critical 
factor in avoiding mammalian predation. Low nest concealment at Silverstream could indicate 
lower avian predation pressure, leading SI robins to relax their selection criteria and choose 
more exposed nest locations. Information on avian abundance and SI robin predation rates by 
raptors at all three sites is needed to confirm this theory and affirm the plasticity of site 
selection based on avian predator abundance. Interestingly, the other locations exhibited 
habitat features that would lend greater protection from predators flying above them, such as 
low nest heights and high nest coverage at Orokonui, and high nests, dense Tier 3 (5-12 m) 
vegetation cover and thick canopy cover at Silver Peaks (Piper and Catterall 2004). Studies 
show that nest heights vary in response to predator type: higher nests are constructed for 
mammalian predators and lower nests for avian predators (Hatchwell et al. 1999; Vanderwerf 
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2012; Mainwaring et al. 2014), which would explain low-lying nests at Orokonui. Silver 
Peaks‘ nests particularly demonstrate a balance in anti-predator response: by building higher 
nests closer to a dense canopy, Silver Peak‘s robins may be attempting to avoid predation by 
ground and by air. Although this study focuses on protective features that influence 
mammalian predation, this observation could further advocate the plasticity of anti-predator 
behaviour based on the predator‘s hunting technique (Caro 2005, p448), and the adaptive 
nature of site selection strategies in multipredator environments and different predation 
pressures (Marzluff 1988; Forstmeier and Weiss 2004; Peluc et al. 2008).  
The effectiveness of nest-site selection can be determined by recording nest survival in 
predator-dense habitats. Despite containing higher and more concealed nest sites, Silver 
Peaks‘ robins still recorded low rates of nesting success. The increased abundance of stoats 
and possums is the likely cause (Jones 2016), as stoats are known to reach and prey upon 
birds nesting at least 9m high in trees (Dilks et al. 2003). Rats may not pose as much of a 
threat: the arboreal activity for a ship rat is largely limited to 2.8 m, and decreases to 2m for 
the mostly-terrestrial Norway rat (Shiels 2010; Foster, King, and Miller 2011). Nesting 
success in Silverstream is also low, which correlates well with the presence of exposed nests. 
Nest-site selection could be based on past experience with nest predators, so that experienced 
pairs actively selecting new sites based on the fate of previous clutches. Incorporating a 
temporal element into nest site selection would facilitate better correlations with nesting 
success and would help better our understanding of the site selection process (Schmidt 2001; 
Lima 2009; Chalfoun and Schmidt 2012).  
While I attempted to choose characteristics on both nest and patch levels, the parameters I 
eventually used to determine nest-site selection are by no means all the limiting factors in 
determining a site‘s level of protection. Many studies additionally assessed the structural 
heterogeneity of the nesting site, nest orientation, relative sizes and canopy heights of 
surrounding trees to the nesting tree, and abundances and cover densities of component 
vegetative species (Martin and Roper 1988; Badyaev 1995; Cousin 2004; Archawaranon 
2006; Cousin 2009). Other landscape features such as specificity in landforms, differences in 
slope and aspect were also considered in order to assess their effect on nest accessibility by 
predators (Debus 2006), but these factors are best determined on a species-by-species basis. 
For example, it is unlikely that specific vegetation composition could affect nest-site selection 
by SI robins as their nests have been recorded in a wide range of vegetation species 
(Armstrong et al. 2000). However, the loss of specific habitat types (as witnessed at 
Silverstream) could adversely affect robin behaviour and nesting preferences. Studies into the 
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effects of habitat loss have focused on how fragmentation might limit nesting success 
(Boulton, Richard, and Armstrong 2008), increase predation risk with the creation of habitat 
edges (Paton 1994; Brown 1997; Newton 1998; Chalfoun, Thompson, and Ratnaswamy 
2002), and decrease population growth by affecting food availability (Robinson 1998; 
Boulton, Richard, and Armstrong 2008). Studying variation in nest-site selection with 
changing habitats could provide information to advise and manage logging activities around 
sensitive SI robin populations and help sustain their numbers in their preferred territories. 
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Chapter 7: General Discussion 
 
This thesis investigated adaptive anti-predator behaviour in SI robins under varying predation 
pressures. Results demonstrate the loss of predator recognition and both costly and non-costly 
anti-predator behaviours in Orokonui (where mammalian predators are largely absent) in 
comparison to predator-dense locations such as Silver Peaks and Silverstream. Anti-predator 
displays in SI robins were weak inside Orokonui, and have been gradually decreasing since 
the translocation of robins into the ecosanctuary in 2010 (Moore 2016). However, anti-
predator responses are quickly re-learned in the event of an incursion: the stoat invasion in 
Orokonui between July and November 2015 (Smith 2016) led to an increased behavioural 
response towards stoat models. One could speculate that the behaviour was lost and then re-
learned with experience of stoat encounters; alternatively, the behaviour was sustained due to 
the presence of avian predators, and only rekindled after experience with the stoat on gauging 
its lethality (Brown 1999; Blumstein 2002b; Blumstein, Daniel, and Springett 2004; 
Blumstein, Bitton, and DaVeiga 2006; Blumstein 2006). The difference between the two 
hypotheses is the time taken to regain anti-predator displays; how quickly such behaviours are 
gained and lost under such circumstances remains unknown.  
Nest site selection at Orokonui also reflected the absence of mammals, with lower nest 
heights and more open forest floors at Orokonui‘s nest sites. Interestingly, their nests were 
low and well-concealed, nest characteristics that could indicate active avoidance of avian 
predators (Hatchwell et al. 1999; Piper and Catterall 2004; Vanderwerf 2012; Mainwaring et 
al. 2014). It seems that, without mammalian predation pressures, SI robins may have reverted 
to their pre-mammalian nesting behaviours (Innes et al. 2010). Comparisons of protective 
habitat features between predator-free and predator-dense areas did not reveal statistically 
significant variations, but the analysis provided insight into the general features that SI robins 
would likely select for their nests within each region, suggesting that selection occurs for 
certain features depending on the predator composition and abundance in that region. Clearly, 
a broader understanding of the complex interactions between habitat structure, predation 
pressure, and behavioural plasticity is required to confirm adaptive nest-site selection in SI 
robins (Filliater, Breitwisch, and Nealen 1994; Chalfoun and Schmidt 2012). 
This study also provides evidence of adaptive anti-predator behaviour in multi-predator 
environments. SI robins responded to the threat of predation by both mammalian and avian 
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predators by displaying appropriate costly and non-costly anti-predator behaviours towards 
each predator class (Sih, Englund, and Wooster 1998; Kelley and Magurran 2003; Templeton 
and Shriner 2004; Caro 2005, p448; Griesser 2008; Ausmus and Clarke 2014; Suzuki 2014). 
Faced with the same model presentation irrespective of predator class, SI robins gave alarm 
calls in response to avian predator models but only behavioural displays to mammalian 
models. They may also display predator-recognition skills at the species level. While there is 
no hard evidence that SI robin alarm calls are functionally referential (largely due to the 
absence of unique notes and syllable types (Evans 1997)), differences in acoustic parameters 
were noted in calls given for moreporks and falcons (Rowell and Hinde 1962; Marler, Evans, 
and Hauser 1992; Blumstein 1999; Blumstein and Armitage 1997; Manser, Seyfarth, and 
Cheney 2002). The higher number of complex tones, shorter syllable periods and longer call 
durations that SI robins displayed in calls towards falcons possibly distinguish the two avian 
predators either based on size (larger falcon and smaller morepork) (Templeton, Greene, and 
Davis 2005; Griesser 2008; Wilson and Evans 2012; Murphy, Lea, and Zuberbühler 2013), 
hunting habits (diurnal falcon and nocturnal morepork) (Caro 2005, 448; Kirchhof and 
Hammerschmidt 2006), relative predation pressures or threats (higher falcon threat than 
morepork) (Sih, Englund, and Wooster 1998; Templeton and Shriner 2004; Kirchhof and 
Hammerschmidt 2006), or a combination of these parameters. A co-evolutionary existence 
with avian predators may have given the SI robin time and cause to develop specific vocal 
anti-predator responses towards avian predators (Blumstein 2006; Strauss, Lau, and Carroll 
2006; Carroll et al. 2007). The more recent introduction of mammalian predators may have 
only allowed time to develop relatively less intense, experience-oriented anti-predator 
behaviours, such as posturing (Blumstein 2006). However, other studies in New Zealand 
report alarm-calling responses by SI robins towards stoats (Maloney 1991, pers. comm.), 
indicating that vocal responses may be more urgency-based than functionally referential. 
More investigation will be required to gain clarity on the acoustics of SI robins.  
Nest-site selection also reflected an adaptive response to both mammalian and avian 
predation. Higher nests, nest concealment, and ground cover densities at Silver Peaks result in 
decreased visibility and accessibility from the ground, indicating attempts of lowering risks of 
predation by mammals. But as higher nests can also fall prey to avian predators (Piper and 
Catterall 2004), the SI robins compensated by nesting close to the canopy and relying on 
higher canopy/upper vegetation cover and nest concealment to avoid avian predation. SI 
robins at Silver Peaks also showed higher rates of vocal response and gave more pronounced 
alarm calls towards avian predators than those at Silverstream.  
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Robins at Silverstream showed lower rates of alarm calling, and their nest-site selection 
strategy lacked the balanced adaptation so noticeable at Silver Peaks. But the nests at 
Silverstream have low nest concealment and vegetation cover, providing no protection from 
both mammalian and avian predators. It is difficult to explain this choice of habitat. It is 
possible that the loss of exotic plantations (their preferred habitats) to logging efforts 
immediately before and during this study may have adversely affected their site-selection 
strategy. While SI robins at Silver Peaks aimed for crypsis, those at Silverstream may have 
opted for increased visibility of their nest environs to compensate for poor nest sites with 
increased vigilance (Amat and Masero 2004; Cousin 2004; Cousin 2009). Nest concealment is 
associated more with avoidance of avian than mammalian predators (Brown 1997). The 
absence of nest cover, along with lower alarm call responses in the Silverstream population, 
perhaps indicate lower avian predation pressure in the region, though this is purely 
speculative. 
Studies have previously shown adaptive nest-site selection dependent on avian predator 
abundance (Sergio, Marchesi, and Pedrini 2003; Roos and Pärt 2004), but this is unknown in 
SI robins. Although this study focused on protective features that could influence mammalian 
predation, observations of protective features influencing avian predation could further 
advocate the behavioural plasticity of anti-predator behaviour based on the predator‘s hunting 
technique (mammalian versus avian tactics) (Caro 2005, p448). Information on raptor 
abundances, larger sample sizes, and more sophisticated acoustic analysis would provide 
more clarity on the influence of avian predation pressure on behavioural intensity and nest-
site selection in SI robins. 
The SI robin‘s inconsistent behaviours towards avian predator models were most likely a 
consequence of the samples being collected in the non-breeding season. Anti-predator 
behaviours were generally lower in the non-breeding season than in the breeding season, but 
this decrease was more significant with varying predation pressure. The display of any 
behaviour is the result of a cost-benefit analysis. The low predation pressure at Orokonui 
decreased the inherent costs of predation significantly, leading to low intensities of anti-
predator irrespective of the season and insignificant variation between seasons. The higher 
predation pressure at Silver Peaks and Silverstream lends more survival value to their mate, 
chicks, and altricial offspring, leading to more pronounced anti-predator displays while 
breeding (Trivers 1972; Caro 2005, p336). The removal of these additional survival costs 
possibly increased the costs of displaying anti-predator behaviour to avoid predation of self, 
therefore drastically lowering the intensity of anti-predator display (Montgomerie and 
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Weatherhead 1988; Lima and Dill 1990; Lima 1992). It is also possible that the SI robins that 
employed the silent approach (refer to discussion in Chapter 5), as many did with the 
morepork and falcon taxidermy models, aimed to avoid detection more than make themselves 
conspicuous with behavioural displays (Shedd 1982; Martin 1995). In either case, their 
strategy seems to invest energy in avoidance (a non-costly behaviour) than in displays or 
vocalisations (an energy and predation-costly behaviour). Energy-time investment theories 
that consider energy costs in display (Lima and Dill 1990), fat reserve preservation (Lima 
1986), body mass maintenance (Pravosudov and Grubb 1997), and thermoregulation 
(Królikowska et al. 2016)as factors can sufficiently rationalise lower anti-predator behaviours 
in the non-breeding season. Therefore any studies that require clarity on the nature of anti-
predator behaviour are best done in the breeding season when the SI robins are more 
responsive.  
In fact, it is their ease of detection and susceptibility to mammalian predation that have led to 
New Zealand‘s robins being proposed as a reference bird to assess the ―general predator 
impact‖ post predator-control operations (Powlesland 1997).  Now, with new knowledge on 
the plasticity of their anti-predator behaviour with predation pressure, the robins‘ value as an 
assessment tool would further inform conservation managers on the effectiveness of their 
methods (Powlesland 1997; Brown 1997; Boulton, Richard, and Armstrong 2008). Therein 
lies the attraction of studying behavioural plasticity in an extant species—the opportunity to 
witness contemporary evolution and gauge its cause and effect.  Phenotypic behaviours of 
species are the first features that respond to changing environments, often preceding 
demographic responses, a progression that allows prediction and projections of the fate of 
populations based on their behaviour (Kotler, Morris, and Brown 2007; Greggor et al. 2016). 
Understanding the cause and mechanisms behind adaptive phenotypic evolution would thus 
be vital in advising conservation and wildlife management systems (Ashley et al. 2003; 
Greggor et al. 2016).  
 
The consideration of adaptive behaviour in management decisions is especially relevant in 
New Zealand, where the impact of introduced mammalian predators on native avifauna 
requires a cooperative movement between behavioural ecologists and conservation managers 
in facilitating translocations, pest and predator control, and habitat management. Take the 
results discussed in this thesis, for example. The loss of anti-predator behaviour in birds 
within fenced ecosanctuaries incurred significant costs with one major predator incursion: 
what measures would it take to retain some anti-predator behaviour in these populations? This 
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result also presents an important consideration for future translocation and reintroduction 
efforts. Should translocated populations be sourced from both mainland and offshore 
populations to ensure their survival, as an incursion contingency plan? Should translocated 
species be subjected to anti-predator training within the ecosanctuary, in case they disperse 
beyond the fence (Beck et al. 1994; Armstrong and Seddon 2008)? This consideration could 
potentially motivate the development of stronger Halo projects around ecosanctuaries (Millar 
2015). Should reintroduction plans incorporate anti-predator training for their target species? 
(Maloney and McLean 1995; van Heezik, Seddon, and Maloney 1999; Griffin, Blumstein, 
and Evans 2000; Whitwell et al. 2012). The possible effect of logging activities on poor nest-
site selection by birds (wherein the loss of their preferred habitat could possibly coerce them 
into less-protected habitats, eventuating in nest predation), is only speculative in this study, 
but further research could clarify the impact of habitat loss on nest survival and predation, and 
correspondingly advise contractors, loggers, and city councils on safe logging sites. Such 
considerations are what fuelled me to conduct research in behavioural ecology, to endorse 
what we now know as eco-evolutionary conservation biology—a novel, cooperative and 
hopefully effective approach to wildlife conservation in an environmentally-challenged world 
(Ashley et al. 2003; Stockwell, Hendry, and Kinnison 2003; Carroll et al. 2007; Kinnison and 
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Appendix A: Robin Habitat Assessment Data Sheet 
SITE SPECIFICATION TEAM DETAILS SITE DETAILS 
Region   Observer   Altitude 
   
  
Marker Site   Observer Height   Landforms/Slope 
   
  
GPS E   Helper 1   Bird species present 
   
  
GPS N   Helper 2   Other notes         
STRATIFICATION (LxB, cm) + Diagram PLOT DETAILS (HELPER) 
A B C D   A B C D 
  
 
    Canopy         
  
 
    Reading 1         
  
 
    Reading 2         
  
 
    Reading 3         
  
 
    Reading 4         
  
 
    Reading 5         
         
        Tree Density         
    
No. of trees         
HABITAT DETAILS (OBSERVER) 
Distance from 
focal tree (cm) 
        
Tree Species   Proximal Coverage            
Nest Location   Go clockwise, 25cm from fork Cover Area         
Observer Distance   6 o'clock (%)   Tier 1 (>12m)         
Tree Height 9 o'clock (%)   Tier 2 (5-12m)         
Base: LHS (deg)   12 o'clock (%)   Tier 3 (2-5m)         
Base: RHS (%)   3 o'clock (%)   Tier 4 (30cm-2m)         
Top: LHS (deg)   Top (up to 1m) (%)   Tier 5 (<30cm)         
Top: RHS (%)   Bottom (up to 1m) (%)   Snags         
Fork: LHS (deg)   Other notes             
Fork: RHS (%)        1 (<1%) | 2 (1-5%) | 3 (6-25%) | 4 (26-50%) | 5 (51-75%) | 6 (76-100%) 
122 
 
Appendix B: Experimental Trials to Determine 
Responses towards Mobile Predator Models 
 
 
Chapter 5 focused on comparing vocal responses of SI robins towards introduced mammalian 
predators and native avian predators. However, SI robins did not vocalise to mammalian 
models in the ‗ground approach‘ setup during the trials (see Chapter 2 for a description of the 
model presentation). I therefore experimented with the model setup to simulate movement in 
the mammalian models in an attempt to receive alarm calls from SI robins. I made a hole in 
each corner of the plywood base of each model and passed two transparent nylon wires 
through them, one through the two front holes and the other through the back holes on the 
plywood.    
 
My first attempt involved shaking the model by moving the wires attached to the rear end of 
the plywood. Upon model exposure (see Chapter 2 for the trial protocol), I gently shook the 
model laterally every few seconds during the trial. I tried this procedure on 9 SI robins 
(Orokonui n = 4, Silver Peaks n = 3, Silverstream n = 2) with both rat and stoat models: all the 
trialled birds either hopped back and stood immobile, or flew away from the model without 
showing any anti-predator behaviour. My second attempt incorporated a ―forward‖ approach: 
using the front wires, I dragged the model diagonally a few centimetres every 10 seconds 
towards the SI robin under trial. I used this procedure on 6 SI robins (Silver Peaks n = 3, 
Silverstream n = 3) with both rat and stoat models: again, all the trialled birds either stood 







Appendix C: Chest-puffing as a possible New 
Anti-predator Response to Avian Predators 
 
Chest-puffing is a common bird behaviour observed in many species for a range of purposes, 
such as to attract mates (Rothstein 2012), to establish territorial dominance, or to ward off 
predators (Robinson 1989). The posturing action involves rapidly expanding and contracting 
the chest to give the illusion of a larger body, and flashing feathers or other prominent marks 
on the chest as a warning. There are records of chest-puffing behaviours as interspecific 
aggressive displays in robin in American Robins (Turdus migratorius) and English Robins 
(Erithacus rubecula) (Link 2005), and as intraspecific agonistic behaviours in Flame Robins 
(Petroica phoenicea) and Scarlet Robins (Petroica multicolour) from Australia (Robinson 
1989). In SI robins, Black Robins (Petroica traversi), and Snares Island Tits (Petroica 
macrocephala dennefaerdi), similar chest-puffing was observed as an intraspecific display of 
territoriality (Flack, 1973, 1976). However, exhibiting chest-puffing behaviour towards 
specific predators has not been recorded for any robins or any other Petroica species in New 
Zealand. 
In this study, six instances of aggressive chest-puffing behaviours by SI robins were observed 
on exposure to a model falcon in the non-breeding season. Of these displays, three were 
shown by males, one by a female, and two by a sub-adult and male sharing the same territory. 
While the latter observation can be interpreted as an intraspecific territorial display, the first 
four observations were seen exclusively towards the model falcon with no other SI robins 
present during the trial. Individuals were observed keeping their distance from the model and 
rapidly puffing their chest forwards and outwards to display creamy white breast feathers, 
with the occasional puffing of other body feathers. This account matches Flack‘s (1976b) 
description of intraspecific chest-puffing in SI robins.  
 
As territoriality increases in the non-breeding season, it seems logical to consider chest-
puffing displays as intraspecific behaviours. However, the classification of agonistic 
behaviours into strictly intraspecific and interspecific categories may be imprecise. For 
example, both frontal spot and crest displays are largely associated with severely threatening 
interspecific events (Flack 1976b; Powlesland 1980a; Maloney 1991; Jamieson and Ludwig 
2012), but have been occasionally observed in strong intraspecific encounters as well (Flack 
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1976b; Soper 1976, p38–43). And though chest-puffing has been considered as an 
intraspecific display in SI robins, Flack (1976b) noted instances of puffed-up body plumage 
during interspecific frontal spot and crest-raising displays. The use of these behaviours, 
therefore, may depend more on the threat level of the event than on the species posing the 
threat.  It will be worthwhile to conduct anti-predator trials with model falcons in the breeding 
season to confirm the specificity of chest-puffing behaviours and describe it as an anti-
predator display. 
 
